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Preface:
Water is the great unifier. It flows constantly; moving below great depths, flowing into
animals, spit out, crashed up against a shore. One molecule of water has the capacity to move all
around the world, in any of its forms. The water on our Earth has been here since long before any
of the life it ever supported was. Life was just a thought in the imaginary mind of the tumultuous
waves and hard glaciers that formed the Earth’s surface. A child’s cupped hands holding a bit of
the ocean on the beach could contain multitudes of molecules that might have brushed up against
any number of beasts yet to even be imagined by science fiction writers, or the greatest human
minds of any era at any time. Water is a time capsule, a grand and moving celebration of all the
Earth has ever been.
I spent two months in the front end of 2020 in the Turks and Caicos Islands as a part of a
study abroad opportunity. This trip had always been my goal; a fundamental part of my college
experience was travel beyond the Hudson River Valley, the only place I have ever lived.
Obviously, I have bad timing when scheduling trips. On March 20th, 2020, my class was told
that we were to evacuate the small island we were stationed on as soon as the next day in fear
that the US would not allow us back into our country. I purposefully leave out the words “due to
Covid-19” not because it is not the truth of the situation, but because on the island of South
Caicos, all 50 students and staff combined were all but completely cut off from any mainland.
The last we had heard of Covid was when we had left our homes two months prior and were
warned by officials not to wear face masks to the airport. We got news occasionally, usually from
our parents giving us an email or from the study abroad headquarters, but even still, the first taste
we had that things were not well was when we started receiving emails from our home
institutions calling us home. It seemed preposterous to any of us at that point that we would
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actually leave the Caribbean early. It was just a week later when we were told we had to leave- a
day before we were supposed to start the research project I had planned on which I had planned
on basing my Senior Project.
The research was to be a survey of Queen Conch populations within and outside of a
Marine Protected Area; a topic not many of my classmates jumped at as quickly as I did. We had
our choices of group projects, some about fish behavior, some about coral bleaching, yet I chose
the snails. It was my first choice, in fact. I chose the snails not because I was under some false
notion of the majesty which sitting on a small skiff in the blaring sun for hours while measuring
the length of conch would offer me. In fact, quite the opposite, the reason I chose to focus on
conch was because my class had done a smaller version of this experiment already, and I knew
exactly how repetitive it would be. Each time, duck diving to retrieve a conch, swimming 300
meters through current at just one site to collect twenty pounds of conch and swim it back to the
boat. This outcome was only slightly more miserable than when you swam the 300 meters only
to come back with nothing. But there was something about the conch, the first time I held a live
one in my hands. The way they pushed their tentacle eyes out to look at the great monster who
plucked them from the ocean floor, almost looked a bit human. Not in a creepy way, more in the
way that people tend to find cows a lot harder to look in the eye while they are slaughtered than
fish. There’s just a quality to them that makes you wonder- do these snails recognize what I am?
And just when the absurdity of that thought left me almost too shocked to continue looking at the
aperture side of the conch, it would move something from inside its body towards me. Curved,
flat, and relatively unthreatening to a human, the conch produced a whitish claw from inside of
its shell; it grasped for my fingers where I held it, and I suddenly began to realize that the conch
was trying to fight me. Obviously, the conch was scared for its life but I couldn’t help but recall
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the feeling I had when my three-month-old kitten had launched himself at my ankles. Really, I
don’t think I ever realized before that snails could be cute. I mean, scientific interest is one thing
but time and time again I think it becomes increasingly obvious what the presence of a
charismatic megafauna can do for the interest level of any ecosystem in need. The ocean has
plenty of charismatic megafauna, sure, but this was most definitely the first time I ever had such
a personal interaction with a creature beyond my world.
Returning to the Hudson Valley after my trip was not an easy adjustment; there was a
very strong part of me telling myself that I was not supposed to be in the Hudson, I was supposed
to be in the Caribbean. Not to mention the dread that quickly set in as I realized that the research
I had been depending on to get done for my senior project was out the window, and I would have
to start from scratch. I felt like I had a mind full of irrelevant snail facts and nothing to do with
them. This, of course, led me to my interest in snails in the Hudson Valley. While it is true that
marine and freshwater snails might as well be two different breeds of dog entirely for all that
they hold in common, I began noticing some clear patterns. Things I understood about Hudson
Valley snails that I recognized from my Caribbean friends. Of course, it made partial sense, the
Atlantic that flows into the mouth of New York Harbour was not the Caribbean, but was
connected to the Atlantic surrounding it. It was technically the same water. There are Gulf
streams around the Bay, lots of Atlantic animals make use of the Hudson River’s salty shores as
a nursery, there used to be whales in the Hudson.
What had been a concept which I blindly had accepted as fact for years was suddenly
becoming true for me. The water we have on Earth is just that. One of the most powerful forces,
both deadly and the basis for all life, is contained in one giant system. We recycle it, we pollute
it, we waste it, we take it for granted. And though it seemed absolutely impossible, the water in
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which I stood as I waded in the blue of Turks and Caicos for the first time was somehow the
same as the brown water in the Hudson which I had been warned not to get into any open cuts I
had as a child. This senior project is a celebration of the time I was able to spend in Turks and
Caicos, a recognition and appreciation of the river which raised me, and proof that a head filled
with snail facts is never useless.
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Chapter 1: Queen Conch
The ocean dances to its own music. In the shallows of the Caribbean, light sand sweeps
delicately back and forth with the pulse of the waves above; small pebbles snap on impact with
larger boulders, and the fish improvise their shimmering music to the sounds that surround them.
On the small island of South Caicos, the ocean is king. Most of the working population are
fishermen and those who are not, work in the three hotels which overlook the shimmering
turquoise waters.
A Queen Conch carries a garden on its back, algae of all colors adorn the conch’s shell as
the large snail pushes through the sand and crumbled remains of the generations before him. One
yellow damselfish carefully and meticulously prunes the conch’s algae garden, choosing which
algaes it does not care for to rip off and toss to the side. A long and grayish fish ducks inside the
five-pound conch shell’s lip and curls up inside the crown of vibrant pink whorls adorning the
top of the shell, safe from predators.
Above the conch, a boat’s mechanical engine whirs. The damselfish speeds away without
hesitation, the roommate fish inside of the conch’s shell is oblivious to the commotion, and the
conch itself continues its slow plow through the light sand. From above, a man in a snorkel lays
flat on his stomach next to his small boat. He spots his prey and bends his torso down, the weight
of his legs pushing him closer to the seafloor, where just 20 feet below him sits, unbothered, the
conch. The man grabs the conch with outstretched arms and shoots back up to his boat, holding
his prize close to his chest, the hot air sticking to his face as he breaks the surface, tosses the
conch aboard his small boat and returns to the water, diving once more for another conch.
A different man aboard the boat squints through the sun as he pulls out a small metal pick
with a flat rectangular end, just an inch wide. He picks up the conch from the boat floor and

6
places it on his knee. Water pours out and with it comes the flat gray body of the disgruntled
roommate fish. Its helpless body falls on the dirty white plastic boat floor and flops around in the
spilled water. The fisherman leans over the conch and grabs the roommate fish from its middle to
throw it back to the water, where it disappears rather quickly, looking for another conch it might
occupy. The diver surfaces just then with another conch, this one smaller than his first catch, but
still substantial, perhaps only half a foot long, and rolls it over the deck before ducking under the
cool water once more. The fisherman on the boat raises his metal pick and comes down on the
conch shell near the top, once, twice, three times; each time cracking further into the shell until,
from underneath the shell’s outer lip, the fisherman delivers the brownish, slimy body of the
conch, still living, it raises its probing eyes to stare at the fisherman before the man swiftly pulls
out a pocket knife and drags it across the conch’s body, and dismantles it. When he is done he
throws the conch into a cooler filled with water next to him and throws the knocked conch shell
overboard. The fisherman picks up the next conch just as the diver resurfaces for his third time
and places another conch on the boat deck.
This is life for many of those who live on the small island of South Caicos, and evidence
of this can be seen clearly near the shores of mangrove forests, where piles of hundreds of
knocked conchs twelve feet high sit like crowns in the shallows.
On the beaches of South Caicos, many of the shells lie fully intact save for the small
rectangular patch where the conch had been knocked, their shiny peach-colored lip sticking up
from the sand. They are popular souvenirs in the Turks and Caicos Islands and a local delicacy.
The conch is battered and fried and served with lemon wedges at restaurants. I once asked a
group of excitable 6th graders on South if they knew what kinds of food the people in France ate,
attempting to help make a connection between themselves and the rest of the world. A small girl
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with braided pigtails popped up and responded “Snails!” a look of disgust on her face was
echoed from her classmates with a communal and lingering “Ew!”
“Guys!” I laughed “Did anyone eat conch for dinner last night?” There was an excited
rumble as half of the hands in the class shot up and a burble of anecdotes regarding how their
mother had prepared it filled the classroom. I laughed and raised my voice in an attempt to regain
control over the momentary chaos, “What do you think conch is?” silence fell onto the
classroom. “Well, a conch is a snail too.” I’m sure they knew it was coming, had drawn their
breath in just slightly to have enough air in their lungs to expel it in shrieks of disgust once I had
said that one word, once I had revealed that the man behind the curtain was in fact not a man at
all, or even a fish, but a slimy, slow-moving, snail.
I took a conch shell home with me from South Caicos. I didn’t find it on the beach; a
fisherman gave it to me. He came right outside the converted motel where myself and the rest of
the school I was living with inhabited. The motel was just one story and quite long, with spaces
designed to keep the air moving. A cement outdoor hallway connected the fifteen rooms, the
outdoor eating area, and the single classroom which used to be a lobby. There was a small
saltwater pool out in front, overlooking the actual ocean under a cliff, where many students
would go to take baths with biodegradable soap. The motel had gone out of business some years
ago and had been taken up as a hot spot for drug smuggling seaplanes to land until the School for
Field Studies bought it up as a Caribbean Campus for their abroad program.
The fishermen settled himself down in front of the school with a wide smile on his round
face, shining through his wiry beard. He did this every semester that new students came to the
School for Field Studies on the island to show us how a conch was knocked, and every semester
the reaction was always the same. He held the conch up to our greedy eyes, 30 phones pointed at
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the conch trying to catch the moment it would slip out of its shell and into the large man’s hand.
The fisherman did this every day and found our amazement at his mundane delightful.
The first one he knocked slumped wetly into his palm, and he held it up proudly as a
trophy. I stood on my toes on top of a low concrete wall trying to catch a glimpse of the naked
organism. The body of a Queen Conch is folded in on itself and wrinkled, two stalks with large,
human-looking eyes, on their ends stick out from the huddled mass. Some of the students
shrieked in exaggerated disgust and the other half doubled over in nervous fits of laughter. The
fisherman reached his thick fingers into some part of the conch that could only be expressly
found by someone who was in the business of finding it, and pulled out a clear, thin tube.
“Does anyone want the noodle?” He laughed heartily
“What’s the noodle?” one voice from the crowd of students called out, all of us still
craning our neck to understand what the small part of the conch which he held up was.
“This is the noodle!” he yelled and without hesitation popped the clear gelatinous piece
of the snail straight into his mouth and without chewing, gulped it down. We shrieked and
laughed again. He knocked ten more conchs while we watched, each time offering the noodle to
a student who steeled themselves to try it. “What does it taste like?” ten other voices hungrily
chanted each time a peer would take the noodle. “Kind of like a salty gummy bear” was the
general consensus. I am still not entirely sure what the “noodle” actually is. I asked my teacher
later. They had studied these conch for years and they simply shrugged. “There are a couple of
things it could be. It’s a really popular thing to do, though; fishermen will take tourists out on the
main island to find their own conch and they’ll knock it for them and take out the noodle. They
call it an aphrodisiac if you eat it raw.”
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The fisherman had packed up his conch in a cooler when all of them had been knocked,
the dripping shells piled up on the cement wall he had worked on. “You gonna take those
shells?” I had asked after he had already turned to leave.
“Huh?” he turned around and looked at the shells he had left and shrugged “Nah, you can
have them if you want. Might want to wash them out first, though” he laughed from his stomach
and walked away. I grabbed one of the shells enthusiastically before the rest of the pile was
distributed to my other classmates who wanted one.
“Everyone needs to wash those out and leave them outside in the sun to dry!” Our
program coordinator yelled nervously over the commotion of the aftermath of the knocking.
“Please do not bring them back to your rooms- they’ll attract flies!” The shells were covered in a
layer of algae that had hooked itself onto the sturdy and slow-moving conch as a kind of moving
substrate.
“Zara, do you want to come and clean your shell out with me?” A girl named Miranda
had asked me, as she walked with her conch shell held close to her chest towards the gate which
led to the beach. I agreed and we walked down together, a third girl joining us without her shell.
“You’re not gonna wash yours, Victoria?” Miranda asked.
“Nah, I don’t feel like getting wet”
Though our campus was located on the top of a cliff overlooking a shallow coral reef, we
were not exactly “beachfront”, that is, the only way to access the beach was down a rickety and
steep set of wooden stairs and over a stone jetty. Besides that, the beach itself wasn’t actually a
beach at all; it was just a small triangle of land, large enough for just two people to comfortably
stand on, and covered in broken conch shells which had been washed over for years. Sapped of
all color, the once jagged edges of the broken shells had been rolled smooth by years of the tide
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pushing and pulling the other shells around it. One edge of the triangle was walled in by the jetty
and the other by the wall of the cliff- in front of us the waves rolled in the almost set sun. I bent
over and filled my conch with saltwater before sloshing it around and pouring the water back
out. I picked a particularly long chain of green algae off with my hand and stepped back onto the
jetty to give Miranda room to wash out her conch. A bell in the distance rang letting us know that
our dinner was being served.
“Hurry up! I don’t want everything to be gone by the time we get up there!” Victoria
yelled from above us. I looked up and saw her leaning over the wooden railing at the top of the
staircase.
“You can go if you want!” I called back. I saw Victoria’s eyes shift behind me and widen
as I heard a shriek coming from the beach. I whipped around quickly to see Miranda’s darkened
form standing on the beach, her conch dangling in one hand and her hair hanging down heavily
in front off her face. I heard Victoria’s booming laughter echoing off the rocks before I
understood what happened. Miranda joined in laughing soon after, slightly more deranged and
panicked as she scrambled up the jetty.
“A wave!” She spit out between fits of hysterical laughter “A huge wave! And I didn’t
see! And I bent over to wash my conch and then I was just soaking wet!” We all laughed as we
walked back to the campus center to grab our dinner, Miranda grabbing anyone we passed and
recounting her story. I stepped away from Victoria and Miranda as we walked, and over to a wall
that separated the campus green from the cliffside and placed my conch there to dry. It stayed
there until the day we left South. Each day I would walk over and knock more dried algae off of
it, but there was always more that needed longer to dry and crumble off.
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Girls like Miranda and Victoria had made it their goal on South to collect as many
different shells as they could. Their window panes soon became colorful displays of ornate
urchin shells, sand dollars, and sea glass which they had picked up while diving. I admired their
collections daily as I walked by their rooms, their museums of the Caribbean growing steadily.
Sometimes Miranda would have three conch shells at a time lined up on a bench outside of her
room. Turks and Caicos law stated that tourists could only take one conch shell per checked
luggage across the border with them, and when I asked her why she kept so many when she
knew she could not take them all home she responded simply, “I want to find the most perfect
one.”
What is a perfect Conch shell? Well, according to Miranda it would have been one old
enough to have a thick outer lip. Queen Conch reach sexual maturity at around three years, and
at that point stop the growth of their bodies lengthwise, and instead begin investing their energy
in thickening their shell1. Sexually immature conch shell lips can be as thin as paper, able to bend
back and forth, or fragile enough to to shatter into powder at the slightest tap. The perfect conch
shell would also have to have died relatively recently, as after years of laying forgotten in the
sand, the Queen Conch’s signature bright pink lip begins to fade, first into peach, than pastel
pink, and slowly into white. But this aspect of perfection brings about its own issues for the next
qualifier, which is that the conch shell must be whole, as in completely intact and unchipped.
That means that the conch was not knocked, but instead, died of its own volition at an old age,
within the last few years.
This perfect conch shell becomes a challenge because as abundant as the Queen Conch is
on South Caicos is, and I have not exaggerated its abundance, I assure you, Queen Conch is

1

Conch eggs are roughly the size of a grain of sand, and in the three years it takes for them to grow to maturity can
end up the size of a football. There are certain limitations of this growth, however, like food and space availability.
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endangered2. After surveying 60,000 square meters both inside and outside of a designated area
which was assigned to preserve the population of Queen Conch, only ten of all 238 conch my
classmates and I found were sexually mature adults. This means many things, but on a very basic
level, it means that the conch are dying before they reach an age at which they can reproduce3.
There are many restrictions put on the fishing of Queen Conch. For instance, a fisherman
cannot SCUBA dive to get conch, so that the amount of effort needed to fish is increased. There
is also a minimum size that conch must be in order to catch them. This restriction was put into
place in the hopes that fisherman would allow conch to reach sexual maturity in order to mate
before taking them out of the ecosystem. As I mentioned previously, there are also Marine
Protected Areas surrounding South Caicos where it is illegal to fish, made in the hopes that the
populations will grow within these areas enough to counteract the exploitation of the species in
other areas4. There is a problem, though, when hardly any adult conchs remain to reproduce.
The problem is not so simple, though, that a solution can be to simply stop the fishing of
Queen Conch. If tourism is king in Turks and Caicos, fishing is queen. Hotels populate the main
island of Providenciales, but on smaller islands like South Caicos, just 8 square miles with no
source of freshwater on the whole island, it is the fisheries that mean the difference between life
and death to its thousand inhabitants. Queen Conch is the second largest fishery in Turks and
Caicos save only for Spiny Lobster, which too has restrictions on how much can be caught and

2

Queen Conch is under appendix II of endangered animals according to CITES. This essentially means that the
Queen Conch is not currently faced with extinction, but likely will become extinct in the future if trade is not closely
monitored.
3
Mating in Queen Conch is density dependent, meaning that the higher density sexually mature conch are found at,
the higher the mating rate is. In some experiments it was actually predicted that 47 sexually mature conch per hA
would be needed in order for mating to occur, and that number increases for shorter bodied conch.
4
Conch are a slow moving species and have a relatively hard time overcoming physical boundaries. The idea of a
Marine Protected Area (MPA) is that the increased numbers of protected species within that specific area will in turn
spill over to repopulate the other areas. Conch do not generally move far in their life span, so for Queen Conch
specifically the benefit of an MPA would be for mating conch’s eggs to be swept out of the MPA in order to
repopulate.
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how fishermen would be able to catch it. Fishermen like the one who knocked the conch in front
of my school that evening depend on the Queen Conch. They export it, serve it, eat the meat, sell
the shells. South Caicos is built off their ocean and their ocean is built off the skeletons of conch.
I found myself walking along one of the many beaches one South Caicos one Saturday
night. The wind wicked the cool water off of the top of the ocean and carried it through the low
standing neon-colored buildings in Cockburn Harbor, the only town on the dusty island. The
restaurants in Cockburn were spread out from each other, the buildings themselves giving way
for their neighbors. Kitchens were inside people’s homes and their businesses were conducted in
their backyards. At night, American rap music blared from the smallest and most dimly lit
buildings where chicken wings and dirty rum were served to anyone over the age of 18. Packs of
stray and raggedy-looking dogs called Potcakes, named after the burnt rice that would cake on
the bottom of pots which many of them lived off of, would prowl around, looking for scraps for
their dinner.
The Potcakes were not kind to the residents of South Caicos. Too many kids had chucked
rocks at the dogs for them to trust anyone, and too many Potcakes had bitten residents for the
islanders to trust them. We weren’t allowed to pet the Potcakes, as they would end up following
us around, begging for more affection which they were starved of, and as such would end up
sitting protectively in front of the businesses we frequented, something no resident was too
pleased about. We were told to throw rocks next to the Potcakes when they followed us so they
would stay away. There were a few dogs, though, who had been treated too kindly too often by
the American abroad students to stay away from them. Applesauce was tall and thin and light
brown with a little cut on the top of her snout which never seemed to heal, and she would trot
next to our group even when other packs of larger dogs saw her and called her to fight. We
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would hear her run off and get into vicious fights and I would hold my breath until she came
back to us, her tail between her legs and head down, faithfully trotting next to us.
I left the center after the sun had already set. I had nowhere specific I wanted to go, I just
needed to walk. South was a good place to just go for a walk. You would always end up on some
random beach covered in shells or algae and if you could stand the sand fleas which were
relentless if you forgot to bathe yourself in bug spray, you could sit and stare at the water in
complete solitude. Saucy must have heard the front gate of the center close from her makeshift
hideout underneath an aloe bush beside the front steps, where she spent her whole day lazing,
waiting for a student to come out in the hopes they would bend the rules and give her a pat. I
didn’t look at her; Saucy could break your heart with one expecting pout, and kept walking out
of the long dirt driveway where just a few weeks ago a fisherman had come to show us how a
conch was knocked. I still heard her though, flanking my right, trotting alongside me. I sighed in
resignation and looked over my shoulder at her.
“Alright, Saucy-Sauce. Where are we going tonight?” Saucy’s mouth hung open, her
tongue lolling lazily out of the side, and I knew my destination was limited to areas on the island
which were generally not already inhabited by other dogs who wanted to pick a fight with her. I
chose a small beach close enough to the center. I did not have to be worried about getting back to
safety if Saucy found trouble. The beach was hidden behind thick brush and behind an old dock.
The dock used to be connected to an old fishing port. In the 1800s Queen Victoria had come to
visit Turks and Caicos; a part of her empire. She had landed in South Caicos, something that the
residents are very proud of to this day. The port was built for her and a fishing festival was held
to showcase the island to the monarch, and has been held every year since. The port was
destroyed a few years ago during a hurricane that decimated most of the island. It has been in the
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process of being rebuilt for years, but on the night I walked past the dock and the wreckage of
the port with Applesauce the dog, it was still just a collection of upright beams.
The beach itself was small but typical. Fine white sand with some larger gray rocks
breaking the smooth surface up. Some water pooled around these rocks from high tide and a few
crabs scampered around, trapped away from the ocean, waiting for a wave to take them back. I
sat down beneath a lonely mangrove which sucked the salty water up from beneath the sand,
growing enough so that one day it might drop a seedling to grow up next to it.
Applesauce walked at the edge of the shore and bent her neck down, lapping up seawater,
I cringed; she deserved better than to live off saltwater, I knew that. I was an outsider, and
leaving her freshwater would attract all the dogs on the island to follow students around, bringing
them in more contact with the residents. The more the islanders had contact with the dogs, the
more they were abused. I looked away from her down to my hands laying on either side of my
thighs. I moved my finger around in small circles, drawing deeper and deeper into the sand as I
went. When my small circle had become a thin hole as deep as my index finger, I felt something
solid beneath my fingertip instead of the fluid grains of sand. I brushed the sand away from the
sides of my small hole, slowly making it bigger and bigger until I saw the dull white smooth nub
of the top of a conch shell. Excited, I continued to excavate the shell until I could see three of the
whorls of the shell. I shimmied my hands under the sand on either side of the shell and pulled up,
sand cascading down back to the beach, only the moon illuminating my find. The conch was
huge, completely white, was two inches thick, and had no knock mark. The shell was five
pounds even after I had rolled the shell in my hands, moving the sand through the inside whorls
of the shell and out the lip where the conch would have poked its eyestalks out.
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“C’mon Saucy!" I called as I stood up, ready to leave the beach. We walked back to the
center together where I had to leave her at the front gate. She didn’t complain, simply curled up
in a compact ball behind a low cement wall for the night.
I placed my new conch next to the one the fisherman had given me and considered them
together. I couldn’t help but feel some sort of guilt as I favored the pink one I hadn't actually
found myself; it was glossy and pink, its whorls were well defined, while the one I had found on
the beach was pale, lumpy, and dull. Perhaps, I thought, the white conch would grow on me in
time. In fact, in those last crazed hours of March 2020 we spent hurriedly running around
campus gathering our items, I took just a few extra moments surveying the conch shells. I
hesitated as I reached for my pink shell, something about it feeling inorganic. This shell was the
only physical thing I could bring back to share my experience on the tiny island, I wanted it to do
the island justice. I wanted this shell to somehow tell the whole story of South Caicos, and I
placed immense weight on the snail shell to do so. I sighed and grabbed the pink shell I had spent
so many days cleaning off, leaving the white shell on a cliff overlooking the ocean.
The shell sits on my mantle today, in my childhood home in the Hudson Valley, next to
some dusty bobblehead figurines of 90s pop culture icons and pictures of myself and my older
brother from when we were in elementary school. It looks slightly out of place at first glance, as
if the shell was just placed there carelessly after unexpectedly unpacking my suitcases a month
earlier than I was scheduled to. Upon closer inspection, though, the shell belongs up on that
mantle. It, and everything else up there, holds a story that only a viewer with a certain eye can
see.
There is so much hidden in a snail shell, the story of a whole island can be seen in the
cracks, crevices, chips, and the color of just one shell. It is not that the snail itself is some
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magical entity, a higher form of life than any other, that it is able to do this, but rather that it is a
point of view often overlooked. To tell a story through the lens of something as insignificant as a
snail is the same as telling a story through the lens of something as grand as a whale. The world
looks different from every angle if you stare at it long enough. A snail, as simple as it is, is many
things.
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Chapter 2: Phylum; Mollusca, Class; Gastropoda
I held up my conch shell to my computer’s camera, moving it around to make sure my
dust-encrusted ceiling fan light in my living room was giving an appropriate dignity to the
majesty of the Queen Conch shell. My advisor, who sat on the other end of my call, had been
shocked when I told him that I had collected snails that were a foot long.
“Look!” I rotated the shell, trying to show off all its angles and colors.
“I don’t know...that looks like a conch to me,” Eli’s voice came through the speakers of
my computer and I lowered the shell to look directly at my screen. He looked quizzically at me
from an office chair, an eyebrow raised and his mouth upturned in a friendly challenge.
“Yeah, it is a conch. Conchs are snails,” despite being in the Caribbean studying these
creatures for months, there was still a moment in which my heart sank to my stomach and I
wondered if I had been wrong all along. As if I had foolishly forgotten that there were two types
of completely different animals called snails and I had labeled the Queen Conch as a snail when
it really never had been. Eli’s eyes shifted from the center of his camera for a moment as I heard
the click of his keyboard. The white screen of a search engine flashed onto his glasses.
“Well, look at that! I never knew that conchs were gastropods.”
Throughout my time investigating the world of snails, I have naturally begun to create a
fabricated feud between gastropod and bivalve scientists5. It is less of a feud in the
Shakespearean sense where each side fights each other with grand indignation, and more of feud
in which the small town of “Snails-Are-Cool-Ville” angrily shakes their fists at the multi-million
dollar corporation known as “Big Bivalve.” In fact, it was just a few sentences sprinkled
5

Perhaps the most interesting part of this feud is that very often bivalve and gastropod scientists are the same thing,
because the two types of animals are so close in taxonomy and evolutionary history. This chapter is, in fact,
dedicated to exploring these specific aspects of snails, but for the purposes of helping you visualize what I am
talking about here, gastropods can very generally be classified as a mollusk with one shell, while bivalves (animals
like clams and muscles) have two.
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throughout research papers and textbooks which call on the reader to, “contrast [the]
understanding [of gastropods] with the relatively vast literature on bivalve ecology” which gave
my imaginary feud such color. I believe the comment which Eli made would have made
Snails-Are-Cool-Villians rightfully angered.
The comparison of the two classes of animals most likely originates with their shared
Phylum: Mollusca, and so that is where we start. Mollusks have complex cells with
membrane-bound organelles which makes them eukaryotes. Mollusks can be separated into
kingdom Animalia which encompasses all sexually reproducing, multi-celled organisms. The
mollusk, however, is classified with more detail than this broad definition of animals, and so to
understand the classification of the mollusk, the question is raised; what makes a mollusk a
mollusk?
In order to define what they are in one category perhaps it might be useful to look at what
the word “mollusk” actually means. The world Mollusca can be translated to “thin-shelled” in
Latin; a supposedly general identifier. However, nothing is universal in biology; you can make
the statement that plants photosynthesize to make their own energy and all mammals have live
births, but ultimately there will always be the Venus Fly Trap or Platypus to put a stop to your
reckless blanket statements. Biology has always been my arch enemy in my academic career for
this very reason. It seemed pointless for me to learn what compromised categories like Mollusca
if the subjects of those categories blatantly ignored the rules themselves. The fact that the
octopus, one of my favorite animals within phylum Mollusca, has a famously structureless body
and yet is still filed into the category of animal that is named for their structure giving shells, is
slightly maddening to me.
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Even more maddening is that upon further examination, within phylum Mollusca, the
octopus is specifically placed within a grouping called Conchifera, which is defined by having a
clearly identifiable dorsal shell, which I am sure I do not have to remind you, the octopus does
not have6. I do not like taxonomy. It is confusing and filled with loopholes. It claims to have
answers but often leaves me with more questions. In fact, there is no one single trait which all
mollusks share. What is the point, then, I find myself asking, of figuring out what makes a
mollusk a mollusk? The answer, for me, and please keep in mind that I am not a taxonomically
minded person, is in what mollusks once were, to be more specific, from where they evolve.
It is widely agreed upon by people who know more than myself, that the mollusk was
once very similar to and in fact most likely once was a part of a different phylum entirely, called
Annelida. Annelids are segmented worms with a mouth separate from their anus. They may
sound uneventful compared to the mighty snail, but I assure you they are just as marvelous in
their own right. The Christmas Tree Worm, for instance, comes in deep purple, lilac pink, or
fiery orange and pokes its head out of holes in coral or cracks in live rock. Sometimes it will
even peak out of bare sand, swaying happily to the push of the ocean current. They are widest at
their base and taper in toward their head, bristles poking out like soft spokes around its core.
They are small and bob happily, sucking in the nutrition from the water around it until its
invisible light perceiving eye feels the shadow of a large fish looming towards it, at which point
it will pop back into its crevice within less than a second; gone before you can blink, leaving
nothing but floating disrupted sand in the space where it once was. You have to be looking for
the Christmas Tree Worms to see them, they are a blink and you’ll miss it type of wonder, but a
wonder none-the-less.

6

Conchifera is also the clade of gastropods and bivalves.
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Annelids are not only found in the ocean, of course. More common examples of annelids
include the stream-living leech, feared by many as hidden blood-sucking monsters. Even the
common and often overlooked earthworm which happily aerates the soil in which our food
grows are annelids. You might imagine any one of these examples, or something similar to them,
at one point sitting on the ocean floor. Over millions of years, one of these worms developed a
slimy mucus coat which offered it a little protection from the elements. The worm survived
juvenility with some help from its mucus coat, and was able to reproduce offspring that shared
its advantageous slime. Over many years, the mucus coating might become such a significant
advantage that only the worms with the thickest mucus would survive to adulthood, and soon
that mucus coating, thickening, and hardening over millions more years would come to resemble
something close to a cuticle. From a cuticle, the worm might pull from the water around it which
teemed with minerals, until finally, a shell was formed, and thus, the mollusk originated.
Underneath the thin icy crust of the Weddell Sea surface, 100 meters beneath the
hypothermia-inducing blue waves, hidden in the sludge of the ocean floor, untouched by light for
all of its slow-moving life, a fossil crept. It was brought up to the surface among other mollusks
more common than itself, many of whose species lineages originated as something closely
resembling it. The monoplachophoran, which until it was first documented alive by researchers
in the 1950s, had only been known through fossil records dating back 500 million years to the
Cambrian period. The monoplacophorans are the rarest class of mollusk, and as such, only a
single, round, smooth, iridescent shell, no bigger than an adult pinky nail, broke the surface of
the water in the Antarctic. A research vessel studying benthic biodiversity in 2006 brought the
monoplacophoran aboard. Inside its calcified shimmering shell, was a soft-bodied creature,
rolled up like ticker tape or bubblegum; a pale, pink, thin, worm-like animal similar to the
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annelids of its impossibly older evolutionary ancestor. The monoplacophoran, it has been
theorized, is in fact the base of the phylogenetic branch from which bivalves, cephalopods, and
gastropods sprouted from.
The first gastropods may have looked similar to the monoplacophoran, but instead of a
flat dorsal shell, the first gastropods had whorls, a hollow shell wrapped around itself to form
round grooves, with the soft body of the gastropod curled up neatly inside. They were thought to
be flat to the ground, so that if you were to look at an ancient gastropod shell from directly
overhead, it might look like the rolled-up ticker tape, bubble gum body of the monoplacophoran.
It was only later that in their evolutionary history that the gastropod slowly began to turn its shell
so that it was held up vertically on its back, as you might imagine a snail today7. The bivalve
diverged from the gastropod when it began sacrificing its body mass in order to create a thicker
and more protective shell. Certain cephalopods, like the squid or cuttlefish evolved so their
shells structured their bodies from the inside, the squid with a long thin pen and the cuttlefish
with a flat and wide bone, while the octopus evolved beyond a calcified shell completely, able to
fit through any crack or crevice it is able to put its beak into.
Luckily for all life on earth, the gastropod does not have the meat tearing razor sharp
beak of the octopus, but instead most have a tongue textured like sandpaper which it uses to
scape algae and detritus off of rocks to eat8. Gastropods are not strictly herbivores, many eat only
the plants and animals which have decomposed in the water and some, like the deadly cone snail,
sit and wait for an unsuspecting fish to swim by its slow moving form, and in an instant inject the
fish with enough venom to paralyze it instantly. It is estimated that one cone snail has enough
venom in its body to kill 700 humans, and in fact have caused the death of a few tourists who
7

As you might be able to imagine, the upright shell structure makes movement much easier, and it is theorized that
this is the reason for its evolution.
8
Called a Radula
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tragically picked up the cone snail’s small spire-shaped and striped shell, thinking its resident
had left it behind. Some cone snails prefer to eat worms and some even enjoy munching on snails
of other species.
There are certain species of water-dwelling snails that cast a mucusy net to eat
particulates floating in streams, and others that filter feed by constantly inhaling water filled with
small critters and expelling the cleaned water back into the river. All of this is to say that there
are many different types of gastropods, and not many of them function exactly the same as
others, even those within the same family. You can look at a diagram of two similar-looking
snails and find that they function in a completely opposite way. However, if one is trying, as I
am, to uncover the story of a snail, it is important to look at how a snail works. I can specify
some in my explanation by excluding land snails and even marine snails to instead focus on the
freshwater gastropod, as I will be focusing throughout the rest of this project.
The story of the snail, perhaps like all life at one point, originated in the water. The snail,
slow-moving, crept along river beds and ocean floors, pulling itself into its shell to hide from
predators, and scraping food off of rocks and plant roots to have enough energy to lay eggs that
would grow and eventually compete for those resources. One group of snails, the pulmonates,
eventually found themselves less advantaged in the marine environment and crept onto land,
leaving another group, the caenogastropods, to flourish in the water. The pulmonates, in far less
danger on land and with no competition from the water lorn caenogastropods, continued to
evolve, generation after generation, to adapt to out-of-water living. Pulmanates developed into
hermaphrodites, so no matter the circumstances if two pulmonates of the same species met they
could continue their lineage without any issue. Unlike other animals, such as mammals who can
be either social or capable of evasive movements, the pulmonate is slow-moving, and meeting
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another of its kind may be rare in their short lives. The pulmonates meet in the spring, lay their
eggs, and then die so that the next generation can grow and lay eggs the next spring. Many are
inbred, a consequence of their hermaphroditic nature. Their inbred genes cause their spawn to be
less likely to live through their hatch, so the pulmonate must lay many eggs in order to have a
good chance for 1% to hatch into the next generation. Some pulmonates eventually found
themselves back into the freshwater, and continued to eat detritus, bear many eggs and die before
they saw the next generation do it again.
The snails which were left behind, the caenogastropods, evolved much differently. Using
the calcium available to them in the water supply, the caenogastropods built an addition to their
protective shells: the operculum. This is an extra piece of shell that acts almost like a trap door,
attached just at the tail end of their soft body so that when they need to retract themselves inside
to hide, their entry gets sealed up behind them. A bit of shell creates an entirely new defensive
strategy. The caenogastropod uses its energy differently as well, focusing on creating fewer, but
stronger eggs. The female caenogastropods live longer as well, growing to larger sizes to be able
to bear multiple clutches of eggs. Eventually, when the pulmonates moved back to the water, the
two families took domain over different areas. Caenogastropods rule the fast-moving
nutrient-rich streams where the pulmonates found their home in silty, slow-moving areas like
marshland where they could spend their days munching on dead plants and animals in peace.
If you’ve ever picked up a snail from the water, or even just looked at one, you may not
have noticed any of these particular differences, as they are, as it turns out, quite particular. In
fact, I would say that what most people will notice about snails first is nothing at all about how
they look, but rather how they feel. I would imagine you would be hard pressed to find anyone
whose first impression of a snail was how extraordinary it was that the pulmonate which they
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pulled out of the marsh had quite a thin shell, yet the caenogastropod kept a thick and resistant
shell on its back. Most people will notice the thing which has become so synonymous with snails
that it is hard to imagine one without the other; its slime. Perhaps, only the shell of the snail has
been picked up, its body tucked up neatly inside of itself, yet the shell will feel slimy as well.
This slime, often passed off as remnants of the algae or mud which the snail is very often taken
out of, is in fact part of the snail as well, and likewise deserves to be recognized as such.
This slime, more formally known as the periostracum, is in fact a thin, flexible film that
covers the whole snail shell. On some snails such as the more tropical Flamingo Tongue, the
periostracum can actually be visualized. The Flamingo Tongue snail lives most of its life
attached by its underside to its prey coral. Soft corals, like the purple fan corals of the Caribbean
which wave at divers fifty feet below the ocean’s surface, make for some of the Flamingo
Tongue’s favorite meals. They cut lines in the living tissue of the fan coral, leaving only the
white skeleton of the coral behind, similar to how a caterpillar eats itself to a butterfly on leaves,
but instead of small mouths crushing paper-thin leaves, the Flamingo tongue dissolves the tissue
of the coral so it can swallow it; a feat that could in fact prove fatal to other animals, as the coral
is poisonous to consume. The Flamingo Tongue, just about an inch long, a soft wash of pink for
a shell with vibrant orange dots outlined in black peppered across its back, has developed an
immunity to the coral’s poison is able to pass on the poison which it has absorbed to other
animals trying to prey on it.
Because of the Flamingo Tongue’s striking beauty, it is very often the victim of oceanic
treasure hunting tourists and SCUBA divers alike. This, of course, is only to the snail grabbers’
eventual dismay, as once their bags are unpacked and their souvenirs spread out on a table will
they come to find that that beautiful snail shell which they picked up from the ocean is no longer
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there, and in its a place sits a plain, small, pinkish shell that they would not remember picking
up. The Flamingo Tongue’s vibrant spots are a part of the soft and organic body, grown instead
of inside, on the snail’s outside. The Flamingo Tongue is one of those rare treasures of the wild
which is only truly a treasure while it is seen alive.
This is of course a more visible and striking example of the periostracum, but almost all
snails have them, and many bivalves do as well. The periostracum is used as a protective shield
for the shell itself, offering defense against acidic and chemical corrosion from the water. The
periostracum can also be turned into another layer of shell over time, slowly hardening and
darkening to form an even thicker protective wall around the snail body itself. The shell is made
primarily out of calcium, a nutrient commonly found in water systems, which the snail is able to
absorb and convert into an intricate armor in the form of bulbous cascading whorls or rigid peaks
and valleys. If the slime is the first thing you notice about a snail, the second undoubtedly must
be its shell.
Beneath the shell, is the mantle, running across the whole of the snail, the mantle secretes
the shell and periostracum. It covers the part of soft snail body below; invisible to the casually
gazing eye, the visceral mass. This part of the snail contains most of its internal organs and never
peaks outside of its shell, permanently grown in a corkscrew to sit perfectly within its shell. The
part of the snail body you might actually see as the snail creeps around is called the foot, which
holds the snail’s stalk-like tentacles up, used for feeling while actual seeing eyes sit the base of
the tentacle. The mouth of the snail can be found underneath the foot, better to scrape food up
from rocks and dirt with its sandpaper-like tongue. The foot itself is a large muscle, able to
contract and move the whole snail body resting atop of it forward. It secretes mucus to help itself
overcome the resistance of the rough terrain. If you can imagine standing in a fast running river,
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barely keeping your balance as the rushing water comes in waves at your ankles, you might be
able to imagine the strength of the snail foot, holding like an anchor in place to a rock while it
grazes peacefully and without even the faintest notion that the world crashes forcefully around it.
You may still ask, what makes a mollusk a mollusk, and what makes a snail a snail. It is
not an easy single sentence answer, as you would not be able to come up with a singular
definition to define one person from another. There are more scientifically aimed attempts to
define a snail, trying to cover all the complexities of exact wording, while still allowing for the
possibility of future scientific research to add to or disprove the given definition. In actuality, a
snail is many things, and much like any other animal older than the living memory of
humankind, has branched off from itself and circled back a thousand or so times with invisible
quirks and mutations until this moment in time, assuredly not even close to its “final” evolution,
simply one moment taken out of an evolutionary history which played in its entirety, would be
millions of years long. The snail, as it has evolved now, works with its surroundings in a way in
which it can survive and bear offspring so that those offspring can do it all over again.
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Chapter 3: Snails… What Are They Good For?
A few years ago I sunk all the money I had saved up over the course of a year into a new
fish tank. I bought a 30-gallon tank, some soft white sand for the bottom, and had bleached some
sea glass I had found on the Hudson River shore not far from my house to place intricately and
purposefully around the corners. I soaked a large piece of aquarium driftwood on the floor of my
bathtub, changing out the water every day for a week, careful so that the wood could not possibly
touch anything that had soap or detergents in it. I bought 4 palm-sized Marimo Moss balls to roll
around at the bottom of the tank along with a small takeaway salad dressing container filled with
a few straggly green wisps of Java Moss. I paired these low shrubs with one short blade of Java
Fern which I delicately tied to a rock, and my personal favorite, the small green waxy leaves of
an Anubias Nana Petite plant to sit right within a knot on my driftwood. I started my fish tank
process in March, setting up the tank, endlessly researching the best filters for the fish that I
wanted, and began the cycling process9.
What many people do not know about a fish in a closed system, such as a fish tank,
where water remains standing in one place until said water is removed manually, is that the fish
cannot simply live in water from the kitchen tap. Many people do know that tap water contains
trace amounts of chlorine safe for humans to consume, but harmful to fish. Water conditioner is
widely used in everything from small goldfish bowls to 500 gallon saltwater tanks. The chlorine,
however, is not the only deadly thing in the water, at least not once the fish has entered the
equation. A fish, like many animals, produces ammonia as a waste product, and when left in a
standing body of water, that ammonia will continue to build up quickly into unbearable levels for

9

This process might seem alien, but I love fish care. I researched everything there was to know about fish tanks for
six months before I decided that I actually wanted a tank of my own. They became a beautiful representation of an
ecosystem which I could have in my very own living room. I even changed my major to Environmental and Urban
Studies because of this fish tank.
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the fish; it can eat away at the thinner parts of the fish like their tails and fins and well as leave
their gills bright red and irritated, and soon after this, cause death.
Many years ago, to aquarium hobbyists, this ammonia build-up process was known as
“new tank syndrome,” in which you would set up your tank, plop some inexpensive fish like
guppies or feeder goldfish in, expecting for them to live for just a few days. The reason why the
hobby of fish keeping prevailed past this, and indeed why this process was known as “new tank
syndrome” instead of simply “fish tank syndrome” is that once the first fish was dead and
removed from the tank, the water changed and conditioned, the hobbyist would buy the fish
which they had actually wanted and intended on keeping. This new fish would swim happily and
live for years in the tank, with no knowledge or evidence that any purposeful fish poisoning had
occurred in their new home.
How is it that only the first fish to enter the tank will die, you may ask? And the answer
to this is a process referred to as “cycling” in the aquarium hobby, but which is more
scientifically known as the nitrogen cycle: a process in which natural waste products are turned
into usable nutrients. In the fish tank example, the first fish to enter the tank will produce their
ammonia waste until it builds up to toxic levels, at which point they will die. Bacteria found in
the air are attracted to ammonia as a food source and settle onto any surface in the tank to eat the
ammonia. These bacteria settle on grains of sand, glass, wood, filter filling, so that no matter
how many times the water itself is changed, the bacteria never leave. The bacteria in turn
produce their own waste product, nitrite, a new chemical just about as toxic to fish in a closed
system as ammonia. Other bacteria join the ammonia-eating bacteria, these kinds enjoy eating
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nitrite, produce nitrate, a much less toxic byproduct which is in fact a fantastic nutritional source
for plants10.
Nowadays, many aquarium hobbyists choose the more humane route of cycling their
tanks by just adding pure ammonia to the water. I tested my water every day, waiting to find no
traces of ammonia or nitrite remains, only nitrate. I have heard accounts of this process taking
just a week, although for my first tank this was unfortunately not my experience. I toiled with the
tank for months, adding ammonia, checking my water levels. I used a small glass vile that came
in a pack of water testing supplies I got on Amazon for cheap, filled it with water from my tank,
added a few drops of an ammonia indicator to the water before shaking it vigorously for a few
minutes and then waiting the five minutes more it took for the ammonia indicator to work its
magic. I sat anxiously watching the water slowly turn from clear to orange or yellow, if I was
lucky. I was able to get nitrate in my tank, which meant my colony of bacteria was growing, but
there was ammonia present as well, meaning that the colony wasn't able to keep up with small
amount of ammonia I dropped in every few days.
The tank was situated at my mom’s home in the lower part of the Hudson Valley, where
the river is still salty from the Atlantic flowing in from New York Bay. I had left my mother in
charge of my beloved fish tank, instructing her to turn the lights on in the morning and off at
night for my plants, and to add a few drops of ammonia in every few days as bacteria food. I had
hoped that by the time I would return home from school, which I did every other weekend or so,
the tank might be fully cycled and ready for fish. When I had left the tank it was pristine. Crystal
clear water with the few stalks of vibrant green plants I had tied up, which to my delight had
10

NH3 is the chemical formula for ammonia, made up of Nitrogen and Hydrogen. In the nitrogen cycling process,
first nitrogen from the atmosphere is “fixed” by converting it into ammonia. In aquatic ecosystems a very important
facilitator of this process is often cyanobacteria, a type of algae, but all other phases of the nitrogen cycle are
facilitated by bacteria. In my tank example, I forgo the fixation stage by adding straight ammonia to my tank. It is
important to note that the nitrogen cycle is not only important for the health of my fish, but essential to the
production of all ecosystems.
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already grown some in the short time they were in my tank. When I returned to my home two
weeks later, however, my mother seemed to question her tank-keeping abilities before we even
got into the house.
“Are you sure there wasn't something else I was supposed to do?” she asked me once the
topic of the fish tank came up, as it did very often, in the heated interior of her gray Prius. On
this trip home I was hoping to find a good alternative for those disposable cartridges the filters
come with. Tossing out the cartridges every month or so seemed like a waste of the bacteria that
lived on its surface, so I was hoping to find some ceramic beads which many hobbyists stuff into
their filters as an alternative. The porous stones give off ample surface area for the relatively
small amount of space they take up, and you never have to replace them.
“Was I supposed to do something with that filter?” she had asked almost nervously, as if
she expected me to blow up at any misstep made on my precious tank.
“No, just leave it running. Why?”
“It’s just that the tank has gotten very green. Well, the plants have really grown, but the…
water is almost green as well.”
I thought for a moment “It’s probably just the driftwood releasing tannins into the water
that's tinting it,” I had read about this before buying my driftwood. Tannins did nothing bad for
the water, in fact, some fish preferred to swim in it, and it made the water slightly more acidic
which would be good for our water which was notoriously hard.
My mother hesitated, “Well... You’ll see. I don’t think it’s bad, just, green”
Upon walking into my house I was shocked to see that the tank was, in fact, green. Every
inch of the glass interior of my tank was covered in a decently thick layer of algae, appearing just
as fluid as the water it grew in, the inch-long strands of green swaying slightly where the water
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was pushed by my filter. The water itself was filled with floating bits of algae, small enough and
evenly dispersed enough that they did indeed seem to be coloring the water itself.
With my small water testing kit in hand, I filled my test tube with five milliliters of water
and added a few drops of the clear indicator chemical. The first test I had ever done, the first day
I had dropped in my ammonia, I stared as the small amount of water I collected from the tank
which had turned from clear to a red color with glee. That was months before, though, and my
enthusiasm for the process had certainly waned. Every day I tested, hoping that this was finally
the day that I would see the ammonia gone from the tank, that the bacteria had finally eaten it up,
and every day I would get that same bright red color. Sometimes I would convince myself that it
was a bit more orangy, that the cycling process was just taking longer for me than I at first
anticipated, but it was in fact happening. I set a timer for five minutes on my phone and forgot
about the tube I left sitting on the edge of my desk where the fish tank was. When my timer went
off I sighed and checked the color, and half convinced myself that I had dropped the wrong
indicator into the bottle. The bottle was the nice light blue of the river glass I had placed so
delicately months before on the bottom of my tank: the ammonia was gone.
I almost instantly dumped out the test tube and filled it with tank water again, adding the
same indicator as well as lining up two others tubes to see how much nitrite and nitrate were
present in the tank. Five minutes passed and still the ammonia levels were that glorious shade of
no ammonia blue, the nitrite was present just slightly, showing up as a lilac in my clear plastic
tube and that nitrate was a deep fiery brick red, overloading the tank with so many nutrients that
it would have poisoned any fish had they lived in it.
I worked at the glass with a magnetic brush for half an hour, running over one part of the
tank so that clumps of green slimy algae shed off into the water. The brush was short and wiry
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like velcro with a magnet underneath and it didn’t take much for the layer of algae to build up
underneath it thick enough for the magnet to stop working properly. It popped off into the water
column, swirling towards the filter at the back of the tank and then bobbing towards the bottom
as the water pushed it down. I sighed and pushed my sleeve up before reaching into the water for
the umpteenth time. I was at this point still fairly neurotic about any chemicals entering my
water, just the smallest bit of detergent could kill that wondrous bacteria I had spent months
building up. Every time the magnet brush would come loose, I washed my whole arm, making
sure no perfume or lotions or soap was left on it in my small bathroom sink, before making the
plunge into the warm and almost slimy water of my tank.
My arms were dry, and I was getting nowhere. The algae seemed to be endless, and I
eventually resigned myself to draining small amounts of water at a time from the tank and
scraping off the algae with an old gift card when that part of the glass became exposed. After
hours of labor, my tank once again looked immaculate. Crystal clear water, beautiful green plants
bursting from the rocks I had tied them to, now almost invisible beneath the shade of the tall
blades. Sitting in front of the tank, just on the small edge of the desk the tank was on, were my
water sample vials, shining beautifully as the tank’s light illuminated them from behind. They
were almost too glorious to pour down the drain. Not a very small part of my brain told me that
the next time I tested the water, my ammonia levels would be back up, and I would have to begin
all over again. I messed something up, some part of the tank was wrong. I am not ashamed to
admit I lost more than a few nights of sleep on my fish tank. Dreams that my fish suddenly
started producing more fish I had no idea how to care for, dreams that my mom dumped
saltwater fish into my freshwater tank and all the fish died, dreams that I was gifted stingrays and
sea turtles that I was not equipped to properly care for, or that I had huge tanks in my attic and
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basement that I had just forgotten about, and were dying without me. Yet, here my tank was,
beautiful, shining, a product worth the effort and the stress I put in, ready for beautiful fish I
knew would work together perfectly to make a gorgeous miniature model of an ecosystem.
It was with excitement and not fear I rushed down to the tank the next morning. The
water test kit was already in my hand by the time I flipped the light on. White, hot light filtering
through two feet of water, showing the shadow of the small ripples on the light sand. Ammonia
and nitrite were still low in the tank, and despite the fact that the nitrate level was still too high
for your average fish to be able to bear, it was lowering, and with a few more water changes I
was sure the water would be the perfect habitat for my fish.
It was while I rubbed the magnetic brush across the glass, polishing off any bubbles or
slightly green spots leftover from the day before that I first spotted them. Just two or three dark
brown dots, as small as crumbs, and easily enough mistaken for specks of dirt by someone less
compulsively obsessed with everything that went into their fish tank. Close to the back corner of
the tank, one leaning on a blade of fern, one seated quite comfortable in the crook of where the
two panes of glass were joined by silicone: snails. How horrific these harbingers of doom
appeared to me at the time. I had wanted my fish tank to be pure, something anyone could look
at and use as proof that all of my hard work did not go unnoticed. The presence of the snails had
been a clear indicator that I had messed something up. I had been a fool, it seemed, to skip out on
buying the 60 dollar tub of snail egg killer which I had read some hobbyists dunked their plants
into before planting in their tank. I had cheaped out on just dumping them in saltwater in an
attempt to dry any invisible snail eggs out, obviously, the fools option.
That night, with some sense of righteous judgment, I laid a trap for my molluscan foes; a
small clear plastic cup with a piece of romaine lettuce stuffed towards the back. By morning I
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fished out the cup from the bottom of the tank to find three snails attached by the underside to
the lettuce. The foolish snails who thought they could tarnish the sanctity of my tank failed to
recognize my power, or so it seemed. Two weeks later, long after I thought my snail problem had
dissipated, I returned once again from school to my home to find not algae covering the walls of
the tank, but hundreds of snails.
The snails had bested me, small but numerous, in a world I myself had created. It had
seemed impossible to me that the gastropod army had risen in such a short period of time with so
few resources available to them. Ammonia, nitrite, and nitrate levels as high as they had been,
their bodies and numbers grew. Little to my knowledge at the time, it was no one’s fault but my
own that the snail soldiers were able to rise up so efficiently in order to protest my reign.
The first ingredient in my recipe for Snail City was the nitrate I had been so overjoyed to
see. Nitrogen in this form is one of the main ingredients in many fertilizers; a mineralized
nutrient necessary to the growth of not only plants but the ecosystems which they support.
Plants are primary producers, meaning that they produce organic material from inorganic matter,
using sunlight and nutrients such as nitrate as energy. The food web stems from primary
producers; secondary producers, such as snails, are able to transform the organic matter from the
primary producers into other forms of energy which predators are then able to consume and use
for themselves. The overall productivity of any given ecosystem is dictated by primary
producers, and I had just overloaded my tank with more than enough primary producers for a
small armada of snails to grow on.
In natural bodies of water, like the Hudson river which rushed at its widest point just five
blocks away from my tank, snails do much of the same thing. Snails are vital in many of these
ecosystems not only by transporting energy from primary producers up the food chain but also
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by facilitating the growth of primary producers11. Though it is true much of the nitrogen used in
aquatic ecosystems originates in the atmosphere, a lot of it comes from the ammonia waste of
animals. In experiments done in desert streams, it was estimated that snail excrement accounted
for anywhere from 15%-70% of all Nitrogen used by algae12. Of course, the Hudson is not a
desert stream, and many animals help to facilitate this important function.
Funny enough, snail poop as a source of nitrogen is not even the only benefit which it
has on the average ecosystem. Once again it is the snail’s clumsy appetite for algae, plankton,
and detritus which lends to its excellent skill in aiding the nutrient cycling process. Healthy dirt
capable of growing the plants that support the ecosystem is dirt that is not only dirt. It is filled
with microscopic animals which also help to recycle nutrients back into ecosystem. The common
association between slow movement and snails would likely go over the heads of soil fauna if
you were to have an intelligent conversation with one, as snails act as bullet trains for the
microscopic animals. Snails will scoop soil fauna up along with the rest of their meals,
swallowing the fauna whole before giving them a free ride in their stomachs, only to be rudely
shuttled off of their armoured bus 24 hours later to a completely different area. This kind of
accidental dispersal is commonly seen in bird species who will eat seeds only to deposit them
through their waste fully intact and viable elsewhere. Keeping in mind the average distance these
soil fauna would be able to travel by themselves within this time frame would be just a few
centimeters, snails are able to carry the soil fauna up to 1500 times farther. Snails can also travel
11

By the “transport of energy” I actually am referring to two means of transport, one of which I think is more
obvious when you think of the food web. This being that a snail will absorb the energy from algae, and then a fish
will absorb that energy when it eats the snail and so on. However, I am also referring to the physical transportation
of energy across habitat. Say for example a snail eats some algae in a primary producer rich area of a stream and
then travels downstream where is excretes ammonia, shuttling the nitrogen from one area to another. This process is
actually known as nutrient spiraling, the length of a spiral being the time it takes for nutrients to make their way
downstream. Generally, snails lengthen the spiral, but transport a significant proportion of the nutrients themselves.
12
Snails and other mollusks have also been known to produce a small amount of carbon as by-product of the
calcification process in growing their shells, though generally the carbon produced through shells is less than is
produced by the respiration from animals.
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over harsh and grueling terrain which the soil fauna might never have a chance to overcome; a
rock, for instance, is a barrier that fauna who travel exclusively through soil cannot overcome.
Places like the Caribbean, where the water is so clear you can look over the side of a boat
and see every animal and coral fifty feet down, have been awarded an almost golden standard in
biodiversity in the eye of an observer. In many ways, this title is beyond well deserved, and the
ocean is its own monolith of odd creatures and alien plants which I cannot begin to delve into
within the confines of this project. This being said, I often think the reason places like this are
known for being what they are is because of how visible these spaces lend themselves. Just
snorkeling in the shallows of a seagrass bed you might be able to find ten different types of
distinct algae, a few types of seagrass, some odd pieces of coral rubble, sea stars, sea sponges,
crabs, fish, even a sea turtle or small nurse shark if you find yourself in an inexplicably lucky
position.
Places like the Hudson, however, cold, smelly, and widely opaque, can often seem like a
dead zone in comparison to places such as the Caribbean. The Hudson River does a very good
job of camouflaging itself to the average observer unless you know what you are truly looking at.
The truth is that the Hudson is filled with life, and you cannot look at its turbid waters without
looking directly in the face of some of its smallest and most bountiful of its members: plankton.
Plankton, along with aquatic plants and algae, are the base of most aquatic ecosystem
food webs and certainly the base of the Hudsons. Plankton are generally described as organisms
that cannot swim through current. Though often thought of as microscopic, Jellyfish can be
classified as plankton because their only mode of movement is with the current. In the Hudson,
though, the plankton that cloud the water does tend to be on the smaller side. Phytoplankton
floating near the surface of the water are, small, free-floating pieces of algae and plant matter
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which photosynthesize using the available sunlight and nutrients in the water. Zooplankton, on
the other hand, are secondary producers much like the snail. They are oftentimes animals like
crabs in the beginning stages of their life cycle or animals which spend the whole of their lives as
plankton. They generally live their lives free-floating until they hit a nice piece of phytoplankton
for them to munch on.
This leads me to a third aspect of the Hudson snail’s relationship to primary producers.
Snails will attach themselves to the substrate and use their sandpaper-like tongue as they
constantly move across their surroundings, picking up bits of algae stuck to rocks and logs and
sucking up the energy-filled water. The snail, in fact, acts as a balance to the primary producers,
preening and pruning the aquatic garden in order to orchestrate the layout of freshwater plants
which the Hudson has available to it. Just like any part of an ecosystem, primary producers must
be balanced with the rest of the life which it supports. This means that if no snails or other
grazers were there to preen back the gardens of algae, it might continue to grow until whole areas
of water were saturated with it. This is known as an algal bloom and their threat is not simply
poor aesthetics, but rather in the dead zones which they can create once any sunlight or nutrients
are choked out by the thick patches of itself. Snails and other herbivores help maintain a healthy
amount of primary producers in the water column.
Snails specifically have been found to help the growth of underwater plants by focusing
their meals on phytoplankton and other algaes, eliminating competition from other plants as well
as clearing up some patches of more opaque water for sunlight to permeate deeper into the
water’s surface. In an extreme case, one study even found that upon the invasion of non-native
snails into a low nutrient stream, it was the snails, despite their appetite for the limited greenery
available that facilitated the growth of more plants through their nitrogen-filled waste. Snails
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have even been found to avoid cyanobacteria, the type of algae that fixes nitrate at the start of the
nitrogen cycle, yet another way snails specifically help maintain the growth of underwater
vegetation13.
The Hudson river supports a multitude of species, and would not be able to if not for the
water saturated with energy, producing at such a rate that the water looks brown. Of course, this
is not to say that the Hudson is not dirty. However, it is to say that the Hudson was not meant to
be clear, ever. The Hudson’s snails “helps” to clean up the water, which is why snail predators
such as fish and birds are just as important to the ecosystem as the snail itself.
I think a common misconception around the conversation on “conservation” is the idea
that you are specifically looking to conserve one environment or one animal, when this is not
only untrue but often times impossible. For instance, in the effort to conserve a specific type of
aquatic snail, you would of course be helping to conserve the underwater vegetation in the area
in which it lived. You would also be helping to conserve the predators which rely on it for food,
and in this it becomes clear that looking to conserve one species cannot be the damnation of
another, much as you would not kill off the shark in order to protect the sea turtle. All of this is to
say that conservation includes death and in fact can even sometimes revolve around it. This
being the case, it is important to look at how even in death, the effects of the Hudson River snail
are important.

13

Here I am referencing a study which actually compared growth rates between macrophytes, or submerged
vegetation, in streams in which the predominant herbivore present was the snail versus a predominantly zooplankton
stream. They found that the snail dominated stream had significantly more macrophyte growth as well as clearer
water. The reason these two types of herbivores are even compared as explained in the study is that they represent
two different parts of the same ecosystem. Whereas snails are benthic, living on the bottom of streams and rivers,
zooplankton often dominate the free floating water column, especially that closer to the surface. The study
ultimately concludes that benthic communities should be focused on if you are looking to create a “clear water
state”. In places like the Hudson, a clear water state would essentially mean the mass death of many organisms who
depend of its murky depths for their survival. Of course this dosn’t mean that snails are not important to the
ecosystem, but rather that the two types of herbivores and all of their predators help balance each others populations
out.
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The shores of the Hudson in Nyack, New York, where I grew up, are covered in dark,
coarse sand, interrupted by large smooth rocks which stick out at all angles. Oftentimes these
rocks are covered in algae which retain life from the few hours of water it gets at high tide. I
think it is the people who did not spend the whole of their lives near a natural body of water who
tend to be the most visibly upset when I tell them that I spent quite a lot of child wading into the
brown depths of the Hudson River. I used to play games with my older brother where we’d jump
over the small waves that came up to our knees, and if we tripped, we’d fall down, dramatically
hitting the silty bottom, reveling in the slime of the Hudson floor.
You’d have to imagine that it is only a few select animals who prefer this soft dusty
substrate, and in fact, it would be quite astonishing if all life in the Hudson indeed depended on
one specific type of ground. The snail shell, durable beyond the snail’s own life expectancy,
much like a rock, stays in the river, beaten over for years by waves, becomes a part of the
substrate. This is a feature of many mollusks, including the bivalve, and a reason why clam beds
are so important to the Hudson River ecosystem. But snails too help manufacture the landscape
of an ecosystem and play an important role in contributing to the substrate of many other
organisms. Certain algaes will prefer to anchor themselves on the harder shells. If a snail shell is
big enough, it can even become a shelter for smaller animals, using the same mechanisms for
safety that the snail who had grown the shell had originally used for itself.
Now as I look at my very own fish tank, I can see this process in action. My once white
sand has been littered with the shells of those snails who had risen up against me. My approach
to getting rid of my pest snails was similar to what I have described as the natural order in the
Hudson. I needed a balance, I needed predators. I bought three Assassin Snails from my local
fish shop. They were quite a bit bigger than the pest snails, an inch or so long with a long spire

41
for a shell and a protruding tube sticking out from the front of their foot. Not much about these
snails can be compared to the snails of the Hudson which I have acquainted you with, as the
Assassin Snails live their lives in the streams of Asia. The biggest and most obvious difference
between Hudson snails and the Assassins is, of course, that they are carnivores and their favorite
meat is that of others of their kind. In fact, when I arrived at the fish store, the employee helping
me tossed several empty Assassin shells aside, sucked dry by their brothers.
“Yeah, if they run out of other snails they’ll start to eat each other,” he said with all
casualty of a man whose job it was to scoop dead saltwater fish out of display tanks for hours on
end, before finding just a few living specimens and ringing me up. The Assassins in fact use their
long tube as a straw, which they will stick inside another snail’s shell and suck out their body.
They are a bit gruesome, and it is only now that I have witnessed the destruction of generations
of fast reproducing pest snails that I realize their worth and value. I still have quite a few pest
snails, ten or so. The Assassin Snails burrow under the sand until they decide they would like a
snack, and the tank is snail free again until the eggs left behind by the last generation hatch. I am
left with the unfortunate realization that without my army of snail gardeners, my tank is once
again, green.

42
Chapter 4: Good Garbage
The following is an exact account of the beginning phases of the senior project you are
reading now. Research; in which I sourced and read accredited and peer-reviewed papers
regarding freshwater snail abundance in the Hudson Valley. Planning; in which, based on the
aforementioned research on snails, as well as my knowledge on wildlife surveys, I developed an
experimental procedure to locate and identify snails living in a marsh which sat as a barrier
between a Hudson River tributary and the Hudson River itself. Speaking with experts; in which I
contacted the authors of some of the papers I read, spoke with a field ecologist familiar with the
marsh I would be surveying and consulted academic advisors who offered their thoughts on what
else I could do to my project in order to make it as scientifically sound as possible. Fieldwork; in
which, after thorough research and planning which took up a month of work time, I became
stuck in a foot of mud and had to crawl out of a swamp on my hands in knees without a single
snail recovered for my effort.
The Day of Mud had begun wholly optimistic. I had felt like a real and true scientist as I
set out to Bard from Nyack. Of course, it would have always been “easier” to have done my
study closer to home. I had, after all, access to many marshes not a ten-minute drive from my
home. Yet, I had no field partner to accompany me at my home or any equipment, besides the
fact the water near my home is salt, and I had read articles on freshwater snails. In my mind, I
was being smart, the hour and a half drive up to Bard I planned on making every weekend until
my survey was finished would be a fun trip to visit my friends staying on campus that semester.
Besides the fact that the company would be welcome on my hiking excursions out to Tivoli
Bays, I am not too proud to admit that I did not really feel like I needed a field partner. Really, if
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you had pressed me on it, I was just fulfilling a requirement by bringing my pal along. No, I am
not too proud, crawling out of a swamp tends to humble a person.
I had arranged to borrow two sets of waders from the water lab, the rest of my equipment
I had brought from home; an old flour sifter, a bottle of water, a meter stick, a ruler, and twenty
separate plastic bags for separating my specimens. The water lab had only had two sets of
waders at the time, both much too big for either me or my study partner, Isa, who is roughly half
my size. The pursuit of snails was much too important to be bogged down by this detail, though,
so with gratitude I accepted the oversized and heavy waders and made my way down to the edge
campus, to meet Isa.
A small and barely visible clearing in a wall of trees advertised our path’s beginning.
With my waders worn around my shoulders as a sort of shawl, Isa at my side with a pair of
binoculars they always kept on hand in case an interesting bird flew overhead, we made our way
down the dirt road. The road was quite interesting: on the campus side of the entrance was a
parking lot, yet just one step over the threshold revealed a sprawling landscape with tall light
grass spread out on either side of the dirt clearing we walked; trees like a gate encasing us from
the edges of the field.
Not ten minutes into our walk came my first obstacle in this project. Though I had been
down to the wetland I had in mind for sampling upwards of twenty times in my career at Bard,
only five of those times had been by using the path which I walked now. Of all those times I had
been led down the path by someone else, and I am very bad at remembering directions. Off the
main path are many offshoots where a muddy break in the grass alert hikers like ourselves to
different trails. Which trail I was supposed to take, however, was a very good question that at the
time I did not have an answer to.
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I had chosen this particular route to the marsh site, honestly, because I did think it was
faster. It turns out that I do not have a great sense of time either, as it certainly was not. I also
chose this route, though, because it is a beautiful way to walk, especially just at the cusp when
summer turns to fall. Past the grass comes the wildflower fields, of which there are many in the
Hudson Valley, but I will admit- not many like this. Small bugs hopping out from the dense
cover of the flowers, a golden speck is the smoky cast of an early autumn sun.
It was only by chance that we had been sent on our way by a friendly older gentleman
from Red Hook hiking the path.
“Beautiful day at the water,” he said all in one breath as he tipped his canvas hat to us as
a passing greeting.
“Did you come from the water?” I stopped him quickly. I was determined not to seem
like a fool in front of Isa. They had been so kind to come with me, and we had already walked a
good deal, the five-pound rain boots attached to the ends of the waders on our backs weighing
down heavily.
“Yeah, I did” He turned around to look back at us, his hand shielding his eyes from the
sun even with his brimmed hat on.
“Would you mind pointing us in that direction? Sorry, We’re a bit…” I trailed off,
gesturing to Isa and myself. The man smiled and told us which fork to turn right down, where to
keep straight, a bent tree we might see to lead us out of the wildflower fields and into the forest,
where the trail markers would help keep us straight, wished us good luck after gawking at our
awkward waders and waved us off.
It was Isa who spotted our first sampling site. It hadn't been the swamp I had in mind, but
we had been hiking upwards of twenty minutes in the sun and the vinyl waders were beginning
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to stick to the back of my neck with sweat. Besides, the exact site didn’t matter so long as I could
place it on a map and return if I needed to. In fact, this first visit to the swamp was supposed to
be done in order to find a sampling of the snails I would need to identify for the rest of my
project. I was to separate the snails by shell shape and/or any other physical differences and send
pictures to Thomas Coote, the author of one of the main papers I was basing my methodology
on. He was fully aware of my plan to walk in the swamp and in fact had touted it as an
interesting project based on his research on Hudson Valley snails in the area I was looking at. I
had my phone ready in a plastic bag in my pocket so that when the time came I would be able to
take pictures of my horde of snails.
Our first site was just off the main hiking trail, the trees were spread out enough that from
the edge of the swamp we’d be able to see the trail easily. The ground was mossy leading up to a
large and curved tree, old roots sticking up in wayward directions, and past that, the swamp. To
my credit, I did, at least, assure we would arrive at the swamp at low tide. As far out as we could
see the gray-brown mud of the swamp, small puddles of water skimmed the ground. Green plants
with reedy stems and wide leaves were dirtied with the silt of the water which are submerged at
high tide framed the edge of the swamp in front of us for just a foot or two. After the green plants
was a bare area of mud for another few feet, and after that, cattail for as far out as I could see.
It was as good of a spot as any to settle our stuff down. I hung my red waterproof bag on
one of the ancient-looking upturned roots of the tree and kicked off my boots in the moss. I had
handed Isa the smaller of the two waders at the beginning of our journey, and happily for the
both of us, they were not as uncomfortably oversized as I thought they would be. Though mine
was a bit roomy in the feet, it was certainly workable. Though Isa is small-bodied, they
apparently have quite large feet as their waders seemed to be almost an appropriate size.
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I stowed my phone in the waterproof front pocket of my waders along with a ruler and a
few spare plastic baggies to separate specimens in. Holding the kitchen strainer and my water
bottle in one hand, and steadying myself on the crook of a branch on the tree with the other, I
lowered myself the few inches or so to the mud of the swamp. That first step yielded nothing out
of the ordinary, imagine a dirt field after a day of rain; my feet suctioned and squelched as I lifted
up my boot. For the first few steps after that, I had to keep some caution as to not lose my
balance but besides that, the terrain was not so bad. I had, after all, walked in waders through
other parts of the Hudson. They too had silty bottoms which shifted as you stepped. I would have
assumed it would be even harder to walk in those types of areas, as the increased water pressure
pushing in on your feet made every step a balancing act.
Isa jumped in after me, the mud squelching as their bootprint filled in mine, and together
the both of us walked another step, barely away from the green plants, my research question
focused on snails living within cattail marshes. It seemed at first like the longer we waited with
every step, the heavier our feet became. The gray mud slowly swallowing our booted feet and
pulling us down as deep as it could take us. The both of us giggled nervously, a preposterous
problem as it was, our squelching feet burst forth from the mud with a mighty kick and landing
down once again, our legs splayed far apart as every step took increased effort. Until finally, we
reached a point that no matter the struggling or the strength of our legs, our feet were thoroughly
cemented in the harmless-looking mud.
“How do people do this?” I yelled into the swamp ahead of me, mainly because if I
shifted my weight around to look at Isa I was sure I would fall into the mud.
“I don’t know. So, what did the papers you read say about this part of the process” Isa’s
calm voice came from behind me.
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“All they said was that they walked into the marsh and strained the mud for snails! I
don’t even know how they got that far.”
“Hm…” Isa has always been very considerate. I could feel them in the beginning stages
of figuring a plan out for me. This was not what I wanted, I was a real-life scientist when the day
had started and now I was a fool who wandered too deep into the mud. I quickly stepped in to fill
the gap between Isa’s thoughts; they should not have to be made accountable for my failures.
“Maybe… Let’s just leave and… I don’t know. I’ll come back up to campus next
weekend if you are around and we can try again after I read the articles… more closely- maybe?”
This was a hopeless dream even when I said it and I knew that, as I had read the papers I was
basing this experiment on back to front, some more than once. How could not a single one of
these papers mention anything about the realities of walking in a swamp?
Isa agreed easily and turned back towards the edge of the swamp. They were just a foot
closer than I was and neither of us was very far, yet there seemed to be an eternity from where
we stood just past the green plants to the mossy tree, because if getting out the short distance had
been a struggle then returning plain close to an impossibility. Isa managed it with difficulty after
a few minutes of one of their feet getting sucked up and struggling to pull it out. They scrambled
onto shore with a victorious cheer and then began shouting commands at me from the safety of
the tree’s trunk, they held on with one arm and leaned their body into the swamp so that they
were just dangling from land.
At first, I began to think I was fairing better than Isa had, but was soon disillusioned of
this notion as it became clear that my waders had turned on me. I made it one step back from the
way we came with ease and then lifted my other foot to walk another. My foot came out easily,
however, the wader’s boot stayed firmly planted in the mud. I pulled up on the plastic leg firmly
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attached to the wader to no avail. With nothing holding the boot still but the pressure of the mud
encompassing it, I balanced on my steady leg as I lowered my foot back down into the boot. It
made it halfway, with my ankle stuck up straight and used the top of my foot as a lever. I heard
Isa’s cheers of celebration just a moment before my balance gave way and I fell to my knees in
the mud.
“I guess that’s why we wear waders, right?” I laughed, exhausted by my epic struggle to
move one foot, and panicking at the thought of turning this disaster of a three-foot excursion into
the hours-long research survey I had hoped it would be. I was able to move much more
effectively once on my knees and I shimmied my way over to Isa’s outstretched arms, my elbows
held tight to my sides as if matching my shortened arms to my shortened legs would help me. I
collapsed my torso on the moss and Isa was able to help me up the rest of the way onto the
ground. I wore my mud covered waders to our next site as a sign of armor to anyone else hiking
the trail, that indeed I knew what I was doing and I had done it before, regardless of the fact that
as it turned out I knew very little and what I had done was nothing short of unimpressive.
I mentioned this story ends with me crawling my way out from the mud, and you may
reasonably be asking yourself: “You didn’t crawl, you walked on your knees.” Well, I would
have, if this was the last time I entered the swamp. I seem to have a habit of running into a wall
repeatedly waiting for the wall to inexplicably disappear. In my defense though, it was very hard
for me to believe that all of my research and conversations with professionals had been put to a
stop by overlooking the superhuman athletic ability it would take to walk into a marsh. I mean, I
had thought of a lot of things going wrong that day; not being able to get the waders, an
emergency last-minute meeting Isa would have to go to, not having enough specimen bags for
my snails, not being able to find any differences between my snails, not finding the snails at all,
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but never was the act of physically getting to the snail habitat a concern of mine. Something so
simple that methods on scientific papers which run two pages long detailing every calibration of
every instrument used simply glossed or even ignored entirely. No, I was certain that it had to be
the marsh that was broken, so we would just have to try again at a different site. Isa, as kind and
supportive as they are, was in complete support of this idea. They have always been a big fan of
mud, so I don’t think this excursion was too upsetting for them.
Our second site I had been sure I actually had seen a group of kids walking around in
when I had hiked this particular trail as a lower classman, Isa even seemed convinced it was
possible as well. We didn’t get nearly as far as we did the first time before we decided the mud
did not want us in that swamp.
“Do you want to just try and find snails right here?” Isa offered. They no doubt knew
how disappointed I was made by this failure. It was true, if I was able to find snails even at a spot
that did not fit my original research question the day would not be a complete waste, I would just
adjust my research question slightly so that I would not have to walk into the swamp to answer
it.
I lowered my kitchen sieve and scooped up the gelatinous mud, and the plastic handle
snapped under the weight of it. Still determined, I held the sieve by the sides from which it had
spent the beginning of life clinging to sides of bowls. I shook the sieve back and forth, expecting
some resistance but for a little mud to slowly seep out of the many small holes at the bottom,
which it did not. After emptying my water bottle out into my mud pie in the hopes of loosening
it, and continued vigorous shaking, I had nothing to show for my effort but muddy hands and
dirty sticks at the bottom of my sieve. Surely, somewhere in that marsh, there were snails but not
in my limited plot, not where I could walk and not findable with the equipment I had brought.
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This is of course when I fell into the swamp; wholly and completely. Finally, the
prophecy had been fulfilled. The swamp had won. The snails remained hidden. Maybe it was
revenge for killing all of those snails in my fish tank, maybe it was the wetland telling me it
didn’t want me poking around. But I was defeated, it had me, and as I crawled out of that swamp
I truly felt like a failure. It was my good friend Isa who grabbed my hand and pulled me to my
feet, and it was together we hiked out from the swamp and talked about all the ways in which
this failure would in the end be to my benefit.
I think oftentimes scientific writing is spared the dirty details of fieldwork such as these
and it was really from this experience that I learned how frustrating this can be. It is really no
wonder that one of my favorite papers I’ve ever read about snails is my favorite because
researchers released a set of 50 snails into a closed garden over a day and lost about twenty of
them. The only thing I can imagine is a bunch of scientists in lab coats with pencils behind their
ears and clipboards in hand running around a little garden yelling, “Where the FUCK are my
snails?!” as they nervously turned over every rock they could find in the desperate hope that their
experiment could be saved.14 Personally, I think this would have been good information to
include if this had in fact, happened, but alas we will never know.
In truth, my experience in the swamp did inform this project. The wetlands presented
something which I seem to come across again and again in the pursuit of information on snails;
that which is presumed insignificant can oftentimes be anything but. The intertidal wetlands of
the Hudson River are one of the most important coastal fixtures of the river, and over the course
of the last fifty some years have been under an attack from a very odd source, that being, people
who care an extraordinarily large amount about intertidal wetlands of the Hudson.
14

The paper was researching land snail “boldness”, as in, how long it took them to retreat from their shell after a
simulated predator attack. The researchers wanted to see if the bolder snails, or the snails which came out of their
shells faster, would travel farther from an original starting point with food, water and shelter.
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The native marsh plant which dominated marshes sometime before European settlers
arrived in the 1700s, was the Cattail. Cattail is a plant I am personally acquainted with, as I’ve
mentioned, I grew up in the Hudson Valley, and I think it must be some kind of unspoken law
that grabbing a “ripe” cattail just beneath the dense clump of seeds is a right of passage. The
Cattails are oddly shaped, a straight line up from the ground leading to a bulbous fuzzy sausage
skewered at the top. My child-like brain upon first observing the Cattail at my local beach was in
awe at how the cattail could support itself. My mom had plucked my first stalk for me, and
instructed me to stick my squat square thumb at the bottom of what I had observed as the
“sausage”.
As I pushed up, anticipating resistance, the plant burst open with ease, thousands of white
seeds fell out of its tight compacted shape with ease, leaving nothing but the “skewer” of the
sausage in its place. The seeds danced around my face and flew with ease at the lightest of
breeze which just tickled the backs of my knees. It felt like I had to have pushed half of the
Cattail seeds out by the dense cloud which had exploded in front of me, yet I had only managed
to push the first inch of seeds out. Of course, a plant which spits seeds out to the wind by the
thousands, may be expected to be the predominant marsh plant within the Hudson, yet it has
been outcompeted by a non-native challenger, known by many names including, Common Reed,
phragmites Australis, or the name given to me when I had first learned of it, Phrag.
I knew Phrag as the tall fluffy topped reed that grew in ditches alongside highways.
Wherever water collected, Phrag was there. And Phrag was in places where Cattail might be
expected to be, too. As it turns out, Phrag is very good at being in places where Cattail should.
My mom and I would take bike rides across a trail that had been an old railroad some time in the
early 1900s but had since been completely overgrown by trees and shrubs, to the next town over.
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Piermont, named for its landmark pier, had perhaps one of the largest marshes I had ever seen up
close. What I mostly remember about the pier was its strong odor; musted over plants, wet
clumps of algae snagged on a large piece of driftwood or rock on the gray beaches, never
allowed to fully dry before the Hudson’s salty tide swept back in to soak it through again. Many
families spent their summers on the pier, setting up a busted-up lawn chair and casting a line out
into the Hudson, hoping for a nice large fish to come and take a bite. Their waste piled up aside
them. Oily bags of potato chips stuffed with used paper towels and fishing line. Occasionally, I
would see a fish the fishermen had chosen to leave behind, generally small, wide-eyed, and
buzzing with flies on the sparse grass above the shore. Once, I saw a huge fish, which must have
been dead when it washed onto the shore; its large scales flaked off of its skeleton like
fingernails, and my mom sang one of her favorite folk songs for kids she played often on road
trips.
“Goooood garbage breaks down as it goes; thaaaats why it smells bad to your nose!
Baaaad garrrbage grows and grows! Garrrrbage is supposed to decompose!”15 It wasn’t until
years later that I ever actually listened to the lyrics of that song, I had always just liked it because
my mom pronounced the “r” the “garbage” like a pirate. Although I know now why my mom
always sang that song walking across the peer.
As you walk further out on the pier, the shore of the beach stretches farther and farther
into the distance until it is finally lost as the forest of Phrag grows thicker and thicker. In
Piermont, sometime in the 70s, there had been a town wide initiative by local environmental
activists to kill off the Phrag. I only know of this because my Father had grown up in
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My dad was a big fan of the Clearwater Folk Music Festival and took my mom, my brother and I there every June
for Father’s Day. To be honest, I don’t know if this is where we learned the Tom Chapin “Good Garbage” song from,
but I’ve always closely associated the two. This footnote is dedicated to a very niche subgroup of people (who like
snails, the Hudson river, and also folk music) who maybe understand this very specific reference I’m throwing out.
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Haverstraw, another town nearby with a similar marsh and a similar problem. Just like my mom
has her songs which she is bound to sing whenever we pass something which reminds her of the
lyrics, so too did my dad have his stories about him and a group of friends rallying together to
save the Haverstraw Bay. My dad, of course, was prone to exaggeration, but he was a good
storyteller, nonetheless. And he told us that the same thing had happened in Piermont as in
Haverstraw, as it did up and down the Hudson.
Technically, the Phrag hate did not come from left field. Phrag is technically invasive16,
as it does do an incredibly good job at keeping native marsh plants like Cattail from growing.
This being said, Phrag has been present in the Hudson since long before European settlers
arrived on the Hudson’s shores, so it is a bit odd to call it “invasive”, as it has been an established
plant in the Hudson’s ecosystem for hundreds of years. Many Phrag activists have pushed for the
term “non-native”, a term usually reserved for non-disruptive, non-local plants and fauna, to be
used instead.
There is a good argument for both terms to be used, especially because of how Phrag is
able to take over formally Cattail marshes so effectively. This is because Phrag is extremely good
at sucking up nutrients from areas with few nutrients to be had, likely the reason I see it so often
along highways and coming out of storm drains; Phrag has been known to grow in urban areas,
where soil quality is not only low but sometimes inconsistent, making it an extremely hearty
plant. Marsh plants which are not as capable of living off of so little, like Cattail, for that reason
are outcompeted and replaced by Phrag.

16

There is a bit of a debate within literature on whether or not Phrag is “Invasive” as in, not native and harmful to
native species or “non-native” as in, not native but harmless to native species. I’m using them kind of
interchangeably here because I think that there is definitely an argument to be made for either definition, and either
way, I think I make my stance on Phrag’s presence in the Hudson Valley fairly clear by the end of this section and
does not change based on Phrag’s classification.
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As for the smell of the Piermont Marsh, that was the Phrag as well, at least on some level.
Marsh plants in general are quite important for waste management in water systems. Water
flowing through a highly vegetated area like the marsh slows down as small waves break in
hundreds of spots, enough for that water to drop any pieces of dead fish, plants, or sewage it was
holding onto, and for it to settle down out to the bottom. Cleaner water flows back out to the
Hudson and its waste is what is left behind in the marsh.
“So… The mud in marshes is dead stuff and poop?” I imagine you, the reader,
questioning, remembering my earlier story about my plummet into this very mud with disgust.
“Yes!” I excitedly respond to you as I write now, knowing that I am about to drop some
cool snail and marsh facts out of thin air with a seamless transition.
This is the seamless transition.
Snails and other detritivores who live in the marsh go to work within the mud, eating the
dead plant and animal matter and turning it into that magical nitrogen-rich poop which the Phrag
or Cattail slurps up hungrily. So technically, I fell in some kind of mixture of sewage, dead plant
and animal matter as well as snail poop, but as the song says: it’s all good garbage! The river
sends in its daily waste for the marsh cleanup crew to take care of. The snails, soil fauna, and
other benthic invertebrates are the plant workers which turn unusable waste and recycle it into
plant food. Phrag obviously has a very important job, and it has been doing it for years, as there
are many accounts of Phrag being used by Native Americans for waste management17.
I’m not sure when the fear of Phrag exactly started, but I do know that people have tried
plucking it, spraying it, introducing predators onto it with varying degrees of success. Phrag
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I am using “Phrag” as a term here for a number of closely related species of Phragmites. There is technically a
native haplotype of Phragmites common in the Midwest called Phragmites australis americanus, as opposed to the
non-native P. a. australis. The non-native type is what is widely common within the Hudson Valley, but even then
there are phylogenetic differences between species.
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spreads within its stands though an underground root system instead of through seeds, so unless
you were to to physically pluck every single Phrag plant, roots and all from a stand, it is not an
entirely effective route for its removal. Pesticides, too, though effective, leave the water and
animals living in the water polluted. Introducing a predator could perhaps be an effective
manager against unchecked Phrag spread, although much like my Assassin Snail filled fish
tanks, can have unintended ecological consequences. Once while I took a canoe ride through
cattail marsh of the Hudson River at high tide, the marsh caretakers told myself and a group of
my peers that they surveyed their entire marsh for a single Phrag regularly, and upon finding one,
would place a metal plate on the ground in the area it had shot up from and leave it there for over
a year, baking in the sun so that the entire root system would assuredly be fried. This method
kills off any burgeoning Phrag plants and is ecologically safe, but requires a lot of resources in
order to do the regular monitoring which is needed in order for this to be effective.
All of this, though, I think misses the main point, which the town of Piermont ultimately
settled on as well. That being; why do we want the Phrag gone? The Piermont Marsh, though a
bit smelly, does its job as a marsh, much like Cattail would do if it was there. It sequesters excess
nutrients from polluting the water, by some accounts it even does this better than Cattail, which
is why in many areas Cattail has been all but outcompeted for resources. Phrag has also been
documented to sequester metals in the water column more effectively than Cattail can. Another
large fear regarding invasive species is that they form a kind of ecological trap, in which animals
who use a native version of an ecosystem service, try to use their non-native or invasive
counterpart and cannot survive using that non-native plant. This can be a real and pressing
environmental concern, and it is not surprising that something like this would need to be
considered in regards to Phrag.
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In places like Australia, invasive Knotweed has all but has smothered the native fauna in
areas where it has taken over. It takes up resources such as space and nutrients and does not
allow for the many different types of native plants which lived there before to grow. Because of
this, the biodiversity of plants in areas where knotweed has taken over has all but plummeted,
and because of that, land snails who used to enjoy the many different resources which the native
plants offered them, were only offered one or two of those resources by the Knotweed. Certain
snails in areas populated by knotweed could no longer live and some died off while others slunk
off to different areas in their forests where knotweed had not yet touched. As a result of the
habitat’s biodiversity going down, so too did the snail biodiversity, as the Knotweed was not able
to support such a diverse cast of different snails with different needs.
Biodiversity loss is a major environmental issue and it does face the Hudson river, but it
does not seem like Phrag is the apparent cause of it. In contrast to Knotweed, within the Hudson
River, in freshwater stands predominately dominated by Cattail as compared to freshwater stands
predominately dominated by Phrag, researchers have found no significant difference between
invertebrate biodiversity. In saltwater stands, there was a slight difference, but this was attributed
to having more to do with geographic differences as opposed to marsh plant differences. In the
example of Knotweed, I think it is important to note that it was the loss of flora diversity that led
to the decline in fauna diversity. In truth, I am concerned about biodiversity loss in the Hudson,
which is exactly the reason why I advocate for Phrag’s continued presence in our marshes, as I
believe that in the long run as well as today, Phrag will help keep the Hudson biodiverse.
Phragmites, as well as most other marsh plants, play an important role in stabilizing the
Hudson River’s shorelines. The difference then, in this specific instance, between having Phrag
and having Cattail is nothing more than which plant is better suited for survival in the Hudson.
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Leaves of almost all plants have the ability to cool off areas in which they are present in large
stands and Phrag is not an exception, providing necessary cooling in areas where Climate
Change will make uncomfortably and in some cases, unbearably hot. Urban areas, for instance,
where Phrag has been known to grow more effectively than Cattail or most other plants due to its
ability to use scarce nutrients effectively, are often covered in non-reflective surfaces like
pavement which absorb heat, are offered some relief due to the leaves of Phragmites. Not only
do the leaves of the Phrag themselves reflect light, but the root systems of Phrag are also just as
important to the Hudson. Roots of marsh plants help hold soil in place and keep it from eroding
away. In fact, this is a critical ecosystem service that most plants are able to give to communities,
but the Phrag in the Hudson gives an example of an ecosystem where those services are
desperately needed. Climate Change and all of its ramifications once again cover a scope far too
expansive for this project to begin to cover, however, I can touch on some of the effects which
have been projected to directly impact the Hudson.
Sea level rise, for instance, will not affect only oceanic coasts, but any area affected by
the ocean, the Hudson included. The Hudson, as an estuary has water flow in from the Atlantic in
New York Bay. That water flows all the way until it meets with the freshwater flowing from
Lake Tear of Clouds in the Adirondacks, creating a gradient of freshwater to saltwater, but being
influenced by the ocean for almost its entirety. The proof of this can be seen everywhere along
the coast of the Hudson, from algae-covered rocks to the marshes I’ve been referring to up until
now, in which the mud can only be seen at certain times of the day. That is, the tide. As sea level
rise inches the tide closer and closer up the shore on beaches in Miami, so will it inch its way up
the coastlines of the Hudson.
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Sea level rise will have many implications including the forced rehoming of many people
living on the coasts of the Hudson as well as gentrification of upland areas which will most
likely become more desirable to live in in the coming years. With all of this, though, Sea level
rise also brings the destruction of shorelines and the habitats which they hold as we now know
them. Take for instance Hudson River marshes, where it has been projected that by 2100, only
37% of the marshes which we currently have will remain the same due to sea level rise. This
does not mean that the rest of these marshes will be totally destroyed, in fact, it is projected that
the Hudson River will actually gain wetlands. Rather, many of the wetlands we have will be
transformed into different types of marshes. For instance, low marshland turning into high
marshland, or tidal marshes turning into permanently waterlogged wetlands.
Perhaps this transformation of our coasts does not seem like such an immediately
pressing issue when you consider that many of the ecosystem services I have been referring to
thus far will be able to continue, at least in some form, by this estimation. However, this is not
the case when you look at all of the ecosystem services which are facilitated by all of the
creatures living in the marshes.
Snails, though generally resistant against pollution, though they carry around an armor to
withstand predators, do still need to live in a habitat capable of supporting them. For instance,
Pulmonates, if I can pull your attention back to chapter two, are extraordinary at recycling waste
into plant fertilizer in marshes and intertidal wetlands, though will very likely struggle when
forced into deep waters, unable to anchor themselves as skillfully as the Caenogastropods who
populate flowing streams.
So then, I am drawn back to my original point, regarding Phragmites in the Hudson.
Despite the fact that is non-native and stops a native plant like Cattail from growing, I still think
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that it is in fact good for biodiversity. Phrag, as I have already covered is an extremely hardy
marsh plant. This means not only that Phrag is able to thrive where Cattail is generally able to,
but also that Phrag thrives on shorelines of the Hudson which have been built up or urbanized.
The increased amount of sediment floating in the water and the breaking down of the Hudson’s
shorelines has in part been attributed to land use changes18, which will continue to occur as the
years go on and Climate Change changes the places people live and how they live. Our coasts
will have to look different, and this of course leads to more land use changes . It is for this reason
that places like hardy Phrag marshes which can grow on manufactured coasts should be allowed
to stay.
Already land use shifts have altered the Hudson’s landscape as excess nitrogen from
farms, or urban sewers drain into the river creating algal blooms and disturb sediment, making
the water opaque to a point where even Hudson plants are being choked out. From 1997 to 2007,
the Hudson lost 30% of its submerged plants, with no comparable organism to take its place.
These plant beds which the Hudson is losing are major habitats for a host of macroinvertebrates,
including snails. In the Hudson, it was found that macroinvertebrates were found in significantly
higher densities19 within aquatic plant beds than other habitats within the river. Snails and other
gastropods are only found in the densest of beds, using the thick cover as a protection from
predators and taking advantage of the wealth of food. There have been a number of theories
which have tried to explain the decline of aquatic plants in the Hudson over the years, and there
is no clear cut answer. Studies have found that in the Hudson, at least, plant growth is limited by
kicked up substrate rather than phytoplankton blocking out the sun. This means that as marshes
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A study done which intended on looking at the decline of submerged aquatic vegetation (SAV) in connection with
invasive water chestnut found that though SAV declined and water chestnut increased, the two had little to do with
one another, and in fact the main limiting factor on SAV growth was kicked up substrate floating in the water.
19
4-5% higher, to be specific
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are lost and their settled sediment is sent back out into the Hudson, there would be a loss in
submerged plant beds.
Much like many aspects of the world, the Hudson and ecosystems like it (and unlike it for
that matter) can be seen as a series of systems, in which one or more inputs affect the output. For
instance, the loss of wetlands due to sea level rise leads to the loss of other ecosystems within the
Hudson which impacts biodiversity as a whole. For this reason, diversity of all sorts impacts the
function of the river itself. The Hudson relies on all diverse types of substrates and shorelines to
support all different manner of animal and plant life. One type of shore is not greater than any
other; for instance, sandy shores allow smaller fish to thrive while rockier areas can support
larger fish. A study found man-made shorelines in the Hudson river are capable of supporting
just as much biodiversity as natural shorelines, but does tend to favor alien species such as Phrag
which does make a certain amount of sense, as I have covered that Phrag is quite good at
growing in areas where less hardy native plants cannot.
The system here looks as such; as the Hudson River coasts become more built up and
urbanized, it is likely that only alien plants such as Phrag will be able to grow, which will support
the coastlines and protect the whole of the ecosystem from to an extent from sea level rise. This
will be especially important as sea level rise destroys specific micro-ecosystems within the larger
ecosystem of the Hudson, and certain species will no longer have an ecosystem that can support
them. That 37% of surviving marshes I mentioned earlier are important because of this. The
snails and other animals who survive in those marshes will create the generations who will go on
to repopulate the new marshes.
The loss of biodiversity leads to the loss of many ecosystem services. As the ecosystem
itself suffers, so do the services it produces for humans. The wetlands stop being able to recycle
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waste, leading further to the degradation of shorelines, choking out underwater plant beds which
recycle those excess nutrients. Biodiversity loss also corresponds to easier disease transmission.
Not only do the ecosystem services suffer which furthers the cycle of destruction, but so too does
sickness overtake even more species. Ecosystems support themselves, and the loss of one part
does not stay isolated but instead infects the whole.
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Chapter 5: Snow in the Hudson
I began this story in the springtime sun of the Caribbean and am ending it in a place that I
hope is now more familiar, the Hudson Valley, almost a year later in the blistering cold of
mid-December. It had snowed the night previous, and I had woken up that morning to the cheers
of children out of my window. One buttoned-up boy not more than 6 years old, Josh, had
collapsed into a snowbank and cheerily made snow angels in one spot of untouched snow.
Another, red-faced and snotty, a face mask hanging off his chin, picked up a clump of the snow
his mother had just shoveled off to the side of our driveway and dropped it on Josh. They both
shrieked with joy.
That night I stared at the snow as my dog, Winston, splashed around happily in the deep
powdery banks. It was his first snow and he was amazed by it. Winston is small, short, and long.
He’s got all the makings of a little purse dog but would much rather spend his days rolling
around in mud pits or swimming laps in the Hudson chasing geese or balls. He found the snow
amusing, like it was playing some sort of game with him. He would stick his long snout down
under the snow excitedly and stare down at it, his eyes only a centimeter away, quite intensely
until suddenly he brought his nose back up and a small mound of it would stick itself to the top
of his snout. This part excited him greatly and he would dash full speed in the opposite direction,
the snow on his snout fluffing everywhere, and then he would begin the process again.
I noticed though, as he played his game, that each time the mound would fly from his
nose, it would land and make the smallest of indentations on the crystalline surface of untouched
snow around us. And as his snow fell, it caused other snowflakes to bounce up like dust and
made even smaller indentations where they fell and disturbed other flakes. It became incredibly
clear as we walked down the icy sidewalk, where three-foot-tall snow mounds flanked us on
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either side, what had happened. Meaning, that the snow allowed us to leave footprints. My yard,
which just that morning had appeared perfectly untouched by any life, white, sparkling, and
undisturbed, was now a tumultuous sea of sticks, dirt, pawprints, snout prints, and body prints.
Every part of my lawn had been touched.
I could tell, too, I noticed, just which of my neighbors had bothered to come outside at all
that day to clear their sidewalks. Who struggled to keep their work neat, who had salted, the
routes people had taken from their lawns to their front doors, the path of a squirrel up to a tree
trunk, how kids played (one very elaborate snow fort set up in a snowbank was particularly
impressive).
Perhaps, I began to think, if we could see everything as clearly as we did the night after a
foot of snow, certain things might become more obvious. We could see just how far the
snowflakes of human activity spread. Perhaps each time your car started, a black cloud would
sputter out of the tailpipe and hang over you, growing a tail longer the farther you went. Or
perhaps, carbon would cling to trees like tumorous growths, or hang off branches like pulsating
fruit, and each time one was cut down, they might burst and color the sky brown.
Perhaps, then, humans might begin to see the world as a series of actions and
consequences, as opposed to a space free to treat with little to no regard or respect. If the
extravagant homes of billionaires were shrouded in a dark cloud, I still suppose they would find
giant umbrellas to shield themselves from the ugliness of the world they created. In this case, it
might also be easy to see that an environment cannot be an isolated item. Just because the
problem cloud originates from the billionaire’s home, does not mean that the smaller homes
around it will not bear the brunt of the effects of someone else's choices.
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There are some things that are in truth just like this, like the black skies in the west of
America following massive forest fires, or the oil-slicked tops of oceans and rivers, or even the
great pacific garbage patch wide enough that some want to deem it its own country. However,
most things in the environment are not this obvious, but instead subtle.
I have noticed, and admittedly succumbed to, a trope in scientific literature in which
scientists make things grand, or wildly important for the sake of interesting their audience and
having their research reach as many eyes as possible. For instance, perhaps one reader of this
very project could hear my plea to learn and care about the snails of the Hudson and take it just
as that, without use for the many pages which I have written about them; simply able to
appreciate snails for no other reason than them being snails.
Over the course of writing this project, I have read a lot of papers, which have a lot to
say, about a little subject. This is done purposefully of course: the more niche the research
question the more time can be devoted to answering in the most detailed manner possible. It
takes years and whole teams to come up with the best answer to one question, and at the end of it
all, there is still one more question left unanswered. One dreaded question so important that
almost all scientific research inevitably answers it, yet few spend nearly as much time answering
it than they do their other question. That is: “So what?” How do the snails of the Hudson River
impact me and the things that I care about, if I don’t care about snails in the first place? Perhaps
the biggest takeaway I have from this project is that the “so what,” does not always have to come
from a purely scientific perspective. Surely, I can base my passion on well-researched facts but it
is with these facts that I find myself trying to prove to myself what I already know: I love the
Hudson. My parents grew up here, as did I. I spent some of the happiest days of my life white
water rafting in a fast-flowing portion of the river up in the Adirondacks, or having small picnics
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on our disgusting beaches, or, yes, hunting for snails and other animals under rocks along the
coasts. I don’t want the Hudson to go away, so I try to learn how I can protect it, in that order.
I remember the fisherman who gave me my very own Queen Conch shell. How he was
able to so immediately find every part of the snail's body, without ever having read a textbook
about snail anatomy. How my ecology teacher who studied the Queen Conch in an academic
setting could not handle the snail in the way that he had. It becomes painfully obvious to me in
moments such as these that sometimes grand implications do not compare to lived experience.
Where the conch was a point of academic interest to the professor, it was a point of culture and
economic survival to the fishermen. Who, I wonder, would know more about the Queen Conch,
the fisherman or the professor? Where could each fill in the other’s missing knowledge? It is
along these lines that what defines a scientist, becomes quite blurred.
What makes a scientist, someone who observes the world and asks questions of it, or is
there more to it? Is that title only reserved for the elite few who have the money and time to
dedicate to passing through those old and traditioned gates of higher education? Am I still doing
science even after I fall in the mud, even after I fail my experiment? I would argue that I am, to
some extent. My experience in the mud led me to the many questions which I attempt to answer
in this project. Does this then, qualify me as more of a scientist than another Hudson Valley
resident, who, upon finding a patch of aquatic plants discovers a snail or two within? I would say
not. The only difference between myself and this other observational scientist is that I provide
context, complete the picture, make it grand. Perhaps other scientists who are scientists in this
way, this way being, observers of the world, can see a snail and be happy with that, and I don’t
think that is particularly any less noble an effort.
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Science, in the most traditional sense of the word, can not be done without lived
experience. If there was no one at the Piermont Marsh to know that it smelled, how would
anyone be expected to know that it was supposed to do that? I would have never embarked on
writing on this subject matter if not for acquainting myself with the Queen Conch first, if not for
that experience leading me to wonder about the connections between the Caribbean and the
Hudson, and those connections leading me to ask, “So what?” Perhaps this is not exemplary of
the scientific method, but it is of the scientist’s method.
I write this knowing that the world is quite big, with much to observe, and with
overlapping and interconnected parts. So muddled and complex that when the thought of
environmental problems affecting our world such as Climate Change are brought up, it very
often can begin to feel overwhelming, stifling, and hopeless. I am of the opinion that it should
not feel that way, and that it does, is somewhat a failure on the part of those people who claim to
hold the key to the science behind the aforementioned gate.
In truth, it has been estimated that 40% of all North American freshwater snails have
been negatively affected by anthropogenic causes like climate change, land use, and decreasing
water quality. In the Hudson river specifically, surveys since the mid-1800s have seen the loss of
certain species and the introduction of others. The Hudson is constantly changing and will
continue to do so as humans alter the landscape of the world, but this does not have to be a losing
battle if we continue to change with it.
To make one of science’s best kept secrets obvious, the best ways to conserve or protect
an environment, is with and not against the community of people who rely on, and live around it.
This isn’t just some emotionally charged “We’re all in this together” crescendo speech at the end
of a rambling essay on the importance and wonder of snails, but also a well studied and

67
researched phenomenon. One study found that in marine ecosystems, when communities were
well informed on the area looking to be protected, it created social as well as economic
incentives for the community to care about and protect the ecosystem on their own. And it is for
this reason, that everyone who observes the world and decides to care about it, be it something as
small as a creek or meadow or as big as the ocean, becomes a scientist; working together to keep
one another well informed and all the systems which it impacts intact for the future. While
Climate Change does not impact solely or even primarily the Hudson, the Hudson’s survival
depends on the people who live around it to understand what Climate Change and environmental
deterioration will mean for them. This begins and ends with learning. Future environmental
policy should be designed to be changed over multiple times, informed by the ecological and
social impacts which they have on the environment which they affect.
I think it’s interesting that I’ve never missed the association between the river itself and
the land on which I live. I remember walking into elementary school, which happened to be a
half-hour drive from the river and my town, sporting a raincoat when the rest of my classmates
had been completely dry. I remember being teased because I had told a group of girls that the
weather was different by the river. I think that this is something special that the Hudson does.
Even if its waters are opaque, the river itself is always visible. It was always incorporated one
way or another into my life. Learning about snails was just one more way in which I learned to
appreciate and understand the Hudson and the life which it supports.
Over the course of writing this project I have been asked many times; why snails? In
truth, I just like them. There is something about them that is very appealing to me, like little
weird aliens. I think many people might be able to see themselves in the snail that way. And of
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course, they are not the flashiest animal, they don’t have any particularly unbelievable talents,
but I don’t think they need to be.
Perhaps if you could see a snail, its shell carrying around an entire ecosystem on its back
it might seem particularly mighty, but you can not. This project could have been about any
animal, and that is the point I hope I have made. You do not need something as grand as a whale
or lion in the place you live in order to want to protect it or in order for it to need protection. I
write this project for the snails of the Hudson, the worms of Appalachia, and the ants of Arizona.
All life is important and has purpose and is worthy of protection. Perhaps snails are not grand
statuesque piles of snow, but instead, a light dusting that touches everything, sparkling serenely
as they sit atop blades of grass or between the cracks of concrete in the road, just waiting for
someone to notice they are there. Perhaps, you might be able to look at something so small and
unassuming as a snail shell and find inside, curled up and safe from the cold, the story of the
world.
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Photo Gallery:
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A sunset on the SFS South Caicos Campus.
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21

21

The fisherman who gave me my conch shell’s set up after the knocking presentation.
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22

22

A Flamingo Tongue snail chomping on some branching coral on South Caicos. This photo was taken by a
program aide when we were all in Turks and Caicos.
Hoyt, C. (2020). Photograph. Instagram carmen.underwater. https://www.instagram.com/p/B9ZkniGBvG1/
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23

23

My classmates measuring Queen Conch sizes while the rest of us grabbed them from the water.
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24

The flag of Turks and Caicos, featuring the number one economic export, Spiny Lobster, the
close second, the Queen Conch, and the Turks Head Cactus.
24
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25

25

Queen Conch remains scattered casually around the ground of South Caicos. They are everywhere. These shells
were knocked a long time ago, as the pink is hardly noticeable and fades with time.
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26

A Hermit Crab using the old shell of a snail as its armored home
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27

A photo of myself taken after falling into the muddy shores of Tivoli Bays, for your enjoyment
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28

28

My fish tank at the beginning of my snail invasion.
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29

29

Snail invasion, progressed. All of the dots you see here are snails.
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30

30

Promenetus exacuous, a common North American marsh dwelling snail I expected to see at Tivoli Bays
Agudo-Padron, AI. (2009). Photograph. IUNC/ SSC Newletter Tentacle.
https://www.researchgate.net/figure/Promenetus-exacuous-a-planorbid-widely-distributed-in-the-eastern-United-Stat
es-but_fig17_283615527
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31

31

Gyraulus parvus another common north American pulmonate
Aguilar, R. (2017). Gyraulus parvus. Photograph. Smithsonian Environmental Research
Center.https://www.flickr.com/photos/serc_biodiversity/38386108562/
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32

33

32

Lymnaeidae, more common as a pond snail, but still a pulmonate I expected to see in the marsh as it has been
documented living in Hudson Marshes in past surveys.
Peters, L. (2005). Lymnaeidae stagnalis.Photograph.
33
Physidae, another snail which has been previously reported to live in areas similar to my study site.
Dietzel, S. (2007). Physella heterostropha halei of the Central and Southern USA, about 1 cm long. Photograph.
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End Notes
Chapter 1: Queen Conch
11. “Queen Conch reach sexual maturity at around three years, and at that point stop the growth
of their bodies lengthwise, and instead begin investing their energy in thickening their shell”:
Aranda, DA., & Frenkie,l L. (2007). Lip Thickness of Strombus gigas (Mollusca: Gastropoda)
Versus Maturity: A Management Measure. 58th Gulf and Caribbean Fisheries Institute.
407-418
11, 12. “There are certain limitations of this growth, however, like food and space availability.”,
“Mating in Queen Conch is density dependent, meaning that the higher density sexually mature
conch are found at, the higher the mating rate is. In some experiments it was actually predicted
that 47 sexually mature conch per hA would be needed in order for mating to occur, and that
number increases for shorter bodied conch.”:
Stoner, AW., Davis, MH., & Booker, CJ. (2012). Negative Consequences of Allee Effect are
Compounded by Fishing Pressure: Comparison of Queen Conch Reproduction in Fishing
Grounds and a Marine Protected Area. Bulletin of Marine Science 88:89–104.
12, 13. “Queen Conch is under appendix II of endangered animals according to CITES. This
essentially means that the Queen Conch is not currently faced with extinction, but likely will
become extinct in the future if trade is not closely monitored.”, “There are many restrictions put
on the fishing of Queen Conch…”, “Queen Conch is the second largest fishery in Turks and
Caicos save only for Spiny Lobster, which too has restrictions on how much can be caught and
how fishermen would be able to catch it.”:
Bene, C., & Tewfik, A. (2003). Biological Evaluation of Marine -Protected Area: Evidence of
Crowding Effect on a Protected Population of Queen Conch in the Caribbean. Marine
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Ecology 24:45–58.
CITES.org. Queen Conch. https://cites.org/eng/prog/queen_conch
12. “This means many things, but on a very basic level, it means that the conch are dying before
they reach an age at which they can reproduce”:
Tewfik, A., & Bene, C. (2003). Densities and Age Structure of Fished Versus Protected
Populations of Queen Conch (Strombus gigas L.) in the Turks and Caicos Islands.
Proceedings of the 51st Gulf and Caribbean Fisheries Institute.
12. “Conch are a slow moving species and have a relatively hard time overcoming physical
boundaries…”:
Hernandez-Lamb, J., Dibello, A., Lewis, S., Mackin, G., Kirby, K., & Acosta, C. (2012).
Modelling the effects of reserve size and fishing mortality for Caribbean queen conch
Strombus gigas. Aquatic Conservation: Marine and Freshwater Ecosystems 22:721–730
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Chapter 2: Phylum; Mollusca, Class; Gastropoda
18, 19, 22, 23, 26. “gastropods can very generally be classified as a mollusk with one shell, while
bivalves (animals like clams and muscles) have two.”, “Mollusks have complex cells with
membrane bound organelles which makes them eukaryotes. Mollusks can be separated into
kingdom Animalia which encompasses all sexually reproducing, multi celled organisms.”,
“instead most have a tongue textured like sandpaper which it uses to scape algae and detritus off
of rocks to eat...”, “There are certain species of water dwelling snails which cast a mucusy net to
eat particulates floating in streams, and others which filter feed by constantly inhaling water
filled with small critters and expelling the cleaned water back into the river”, “The story of the
snail, perhaps like all life at one point, originated in the water...,” “Beneath the shell, is the
mantle, running across the whole of the snail, the mantle secretes the shell and periostracum...”:
Thorp, J., & Covic, A. (2010). Ecology and Classification of North American Freshwater
Invertebrates. Academic Press.
19. “contrast [the] understanding [of gastropods] with the relatively vast literature on bivalve
ecology”:
Lynse, S., Perez, K., Brown, K., Minton, R., & Sides, J. (2008). A review of freshwater
gastropod conservation: challenges and opportunities. Society for Freshwater Science.
19. “The world Mollusca can be translated to “thin-shelled” in Latin”:
Etymonline.com. 2021. Online Etymology Dictionary.
https://www.etymonline.com/word/mollusca
19, 20, 21. “within phylum Mollusca, the octopus is specifically placed within a grouping called
Conchifera, which is defined by having a clearly identifiable dorsal shell,”, “there is no one
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single trait which all mollusks share”, “Underneath the thin icy crust of the Weddell Sea surface,
100 meters beneath the hypothermia inducing blue waves, hidden in the sludge of the ocean
floor, untouched by light for all of its slow moving life, a fossil crept…”:
Giribet, G., Okusu, A., Lindgren, A., Huff, S., Schrodl, M., & Nishiguchi, M. (2006). Evidence
for a clade composed of molluscs with serially repeated structures: Monoplacophorans
are related to chitons. PNAS.
20, 21, 22. “the mollusk was once very similar to and in fact most likely once was a part of a
different phylum entirely, called Annelida”, “Over millions of years, one of these worms
developed a slimy mucus coat which offered it a little protection to the elements...”, “The first
gastropods may have looked similar to the monoplacophoran, but instead of a flat dorsal shell,
the first gastropods had whorls, a hollow shell wrapped around itself to form round grooves, with
the soft body of the gastropod curled up neatly inside…”:
Runnegar, B., & Pojeta, J. (1974). Molluscan Phylogeny: The Paleontological Viewpoint.
Science, 186(4161), 311-317.
Scherholz, M., Redl, E., Wollesen, T., Todt, C., & Wanniger, A. (2013). Aplacophoran Mollusks
Evolved from Ancestors with Polyplacophoran-like Features. Current Biology.
22. “The bivalve diverged from the gastropod when it began sacrificing its body mass in order to
create a thicker and more protective shell”:
Kidwell, S. M. (2005). Shell Composition Has No Net Impact on Large-Scale Evolutionary
Patterns in Mollusks. Science, 307(5711), 914–917.
22. “Certain cephalopods, like the squid or cuttlefish evolved so their shells structured their
bodies from the inside, the squid with a long thin pen and the cuttlefish with a flat and wide
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bone, while the octopus evolved beyond a calcified shell completely, able to fit through any
crack or crevice it is able to put its beak into.”:
Godfrey-Smith, P. (2016). Other Minds: The Octopus, The Sea, and The Deep Origins of
Consciousness. Farrar, Straus and Giroux.
22. “It is estimated that one cone snail has enough venom in its body to kill 700 humans...”:
Kapil, S., Hendriksen, S., & Cooper, JS. (2020). Cone Snail Toxicity. Statpearls.
25, 26. “This slime, more formally known as the periostracum, is in fact a thin, flexible film
which covers the whole snail shell.”, “This is of course a more visible and striking example of
the periostracum, but almost all snails have them, and many bivalves do as well.”:
Saleuddin, ASM., & Petit, HP. (1983). The Mode of Formation and the Structure of the
Periostracum. The Mollusca, 199–234.
25. “On some snails such as the more tropical Flamingo Tongue, the periostracum can actually
be visualized…”:
Oceana.org. Flamingo Tongue. https://tinyurl.com/ymtw7xjr.
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Chapter 3: Snails… What Are They Good For?
28, 29. “A fish, like many animals, produces ammonia as a waste product, and when left in a
standing body of water, that ammonia will continue to build up quickly into unbearable levels for
the fish; it can eat away at the thinner parts of the fish like their tails and fins and well as leave
their gills bright red and irritated, and soon after this, cause death.”, “the nitrogen cycle: a
process in which natural waste products are turned into usable nutrients.”:
Soucek, D.J., Dickinson, A. (2012). Acute Toxicity of Nitrate and Nitrite to Sensitive Freshwater
Insects, Mollusks, and a Crustacean. Arch Environ Contam Toxicol 62, 233–242.
29. “In aquatic ecosystems a very important facilitator of this process is often cyanobacteria, a
type of algae,...”:
Biocyclopedia. Algae and the Nitrogen Cycle.
https://biocyclopedia.com/index/algae/biogeochemical_role_of_algae/algae_and_the_nitr
ogen_cycle.php
35. “Plants are primary producers, meaning that they produce organic material from inorganic
matter, using sunlight and nutrients such as nitrate as energy.”:
Mormul, R.P., Ahlgren, J. & Brönmark, C. Snails have stronger indirect positive effects on
submerged macrophyte growth attributes than zooplankton. Hydrobiologia 807, 165–173
36. “By the “transport of energy” I actually am referring to two means of transport, one of which
I think is more obvious when you think of the food web. This being that a snail will absorb the
energy from algae, and then a fish will absorb that energy when it eats the snail and so on.
However, I am also referring to the physical transportation of energy across habitat…”:
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Newbold, J.D., Elwood, J.W., O’Neill, R.V., & Sheldon, A.L. (1983). Phosphorus Dynamics in a
Woodland Stream Ecosystem: A Study of Nutrient Spiralling. Ecological Society of
America
Richardson, TD., Scheiring, JF., & Brown, KM. (1988). Secondary Production of Two Lotic
Snails (Pleuroceridae:Elimia). Freshwater Science.
36. “Snails and other mollusks have also been known to produce a small amount of carbon as
by-product of the calcification process in growing their shells, though generally the carbon
produced through shells is less than is produced by the respiration from animals.”:
Hotchkiss, E.R., Hall, R.O. (2010). Linking calcification by exotic snails to stream inorganic
carbon cycling. Oecologia 163, 235–244
36. “In experiments done in desert streams, it was estimated that snail excrement accounted for
anywhere from 15%-70% of all nitrogen used by algae”:
Vanni, MJ. (2002). Nutrient Cycling by Animals in Freshwater Ecosystems. Annual Review of
Ecology and Systematics.
36. “Funnily enough, snail poop as a source of nitrogen is not even the only benefit which snail
poop has on the average ecosystem…”:
Türke, M., Lange, M. & Eisenhauer, N. (2018). Gut shuttle service: endozoochory of
dispersal-limited soil fauna by gastropods. Oecologia 186, 655–664.
37, 38, 39. “Plankton are generally described as organisms that cannot swim through current...:”,
“This leads me to a third aspect of the Hudson snail’s relationship to primary producers. Snails
will attach themselves to substrate and use their sandpaper like tongue as they constantly move
across their surroundings, picking up bits of algae stuck to rocks and logs and sucking up the
energy filled water...”, “Here I am referencing a study which actually compared growth rates
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between macrophytes, or submerged vegetation, in streams in which the predominant herbivore
present was the snail versus a predominantly zooplankton stream...”:
Mormul, R.P., Ahlgren, J. & Brönmark, C. (2018). Snails have stronger indirect positive effects
on submerged macrophyte growth attributes than zooplankton. Hydrobiologia 807,
165–173.
38. “In an extreme case, one study even found that upon the invasion of non-native snails into a
low nutrient stream, it was the snails, despite their appetite for the limited greenery available that
facilitated the growth of more plants through their nitrogen filled waste.”:
Arango, CP., Riley, LA., Tank, JL., & Hall, RO. (2009). Herbivory by an invasive snail increases
nitrogen fixation in a nitrogen-limited stream. Canadian Journal of Fisheries and
Aquatic Sciences.
40. “The snail shell, durable beyond the snails own life expectancy, much like a rock, stays in the
river, beaten over for years by waves, becomes a part of the substrate...”:
Gutierrez, JL., Jones, CG., Strayer, DL., & Iribarne, OO. (2003). Mollusks as ecosystem
engineers: the role of shell production in aquatic habitats. OIKOS.
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Chapter 5: Good Garbage
45. “I was to separate the snails by shell shape and/or any other physical differences and send
pictures to Thomas Coote, the author of one of the main papers I was basing my methodology
on.”:
Coote, TW., & Strayer, D. (2009). Gastropods of the Hudson River Shoreline: Subtidal,
Intertidal, and Upland Communities. Hudson River Foundation.
50. “The paper was researching land snail “boldness”, as in, how long it took them to retreat
from their shell after a simulated predator attack…”:
Dahirel, M., Vong, A., Ansart, A., & Madec L. (2017). Individual boldness is life
stage-dependent and linked to dispersal in a hermaphrodite land snail. The Ecological
Society of Japan.
52. ““Goooood garbage breaks down as it goes; thaaaats why it smells bad to your nose! Baaaad
garrrbage grows and grows! Gooood garrrrbage is supposed to decompose!””:
Chapin, T. (1979). Good Garbage. Mother Earth.
53, 54, 55, 56. “The snails, soil fauna, and other benthic invertebrates are the plant workers
which turn unusable waste and recycle it into plant food.”, “Marsh plants in general are quite
important for waste management in water systems”, “ by some accounts it even does this better
than Cattail, which is why in many areas Cattail has been all but outcompeted for resources…”,
“researchers have found no significant difference between invertebrate biodiversity”:
Yozzo, D.J., Osgood, D.T. (2013). Invertebrate Communities of Low-Salinity Wetlands:
Overview and Comparison between Phragmites and Typha Marshes Within the Hudson
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River Estuary. Estuaries and Coasts 36, 575–584.
53, 54, 55. “This being said, Phrag has been present in the Hudson since long before European
settlers arrived on the Hudson’s shores, so it is a bit odd to call it “invasive”, as it has been an
established plant in the Hudson’s ecosystem for hundreds of years.”, “This is because Phrag is
extremely good at sucking up nutrients from areas with few nutrients to be had, likely the reason
I see it so often along highways and coming out of storm drains…”, ““I am using “Phrag” as a
term here for a number of closely related species of Phragmites”, “ Pesticides, too, though
effective, leave the water and animals living in the water polluted…”:
Kiviat, E. (2013). Ecosystem services of Phragmites in North America with emphasis on habitat
functions. AOB Plants.
55. “In places like Australia, invasive Knotweed has all but has smothered the native fauna in
areas where it has taken over…”:
Stoll, P., Gautzsch, K., Rusterholz, HP., & Baur, B. (2012). Response of plant and gastropod
species to knotweed invasion. Basic and Applied Ecology.
56. “Leaves of almost all plants have the ability to cool off areas in which they are present in
large stands and Phrag is not an exception,”:
Ziter, CD., Pedersen, EJ., Kucharik, CJ., & Turner, MG. (2019). Scale-dependent interactions
between tree canopy cover and impervious surfaces reduce daytime urban heat during
summer. PNAS.
57. “Urban areas, for instance, where Phrag has been known to grow more effectively than
Cattail...”:
Strayer, D.L., Findlay, S.E.G., Miller, D. et al. (2012). Biodiversity in Hudson River shore zones:
influence of shoreline type and physical structure. Aquat Sci 74, 597–610.
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57. “Sea level rise will have many implications including the forced rehoming of many people
living on the coasts of the Hudson as well as gentrification of upland areas which will most
likely become more desirable areas to live in the coming years”:
Milman, O. (2018). “Climate Gentrification: The Rich Can afford to Move-What About the
Poor?” The Guardian.
58. “Take for instance Hudson River marshes, where it has been projected that by 2100, only
37% of the marshes which we currently have will remain the same due to sea level rise.”:
Tabak, NM., Laba, M., & Spector, S. (2016). Simulating the Effects of Sea Level Rise on the
Resilience and Migration of Tidal Wetlands along the Hudson River. Plos One.
59. “ The increased amount sediment floating in the water and the breaking down of the
Hudson’s shorelines has in part been attributed to land use changes”:
Howorth, RW., Fruci, JR.,& Sherman, D. (1991). Inputs of Sediment and Carbon to an Estuarine
Ecosystem: Influence of Land Use. Ecological Society of America.
Howarth, RW., Marino, R., Garritt, R. et al. (1992). Ecosystem respiration and organic carbon
processing in a large, tidally influenced river: the Hudson River. Biogeochemistry 16,
83–102.
Alonso, A., Camargo, J. (2003) Short-Term Toxicity of Ammonia, Nitrite, and Nitrate to the
Aquatic Snail Potamopyrgus antipodarum (Hydrobiidae, Mollusca). Bull. Environ.
Contam. Toxicol. 70, 1006–1012.
59. “From 1997 to 2007, the Hudson lost 30% of its submerged plants, with no comparable
organism to take its place.”, “A study done which intended on looking at the decline of
submerged aquatic vegetation (SAV) in connection with invasive water chestnut found that
though SAV declined and water chestnut increased, the two had little to do with one another, and
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in fact the main limiting factor on SAV growth was kicked up substrate floating in the water.”,
“4-5% higher, to be specific” :
Findlay, S.E.G., Strayer, D.L., Smith, S.D. et al. (2014). Magnitude and Patterns of Change in
Submerged Aquatic Vegetation of the Tidal Freshwater Hudson River. Estuaries and
Coasts 37, 1233–1242.
59. “In the Hudson, it was found that macroinvertebrates were found in significantly higher
densities within aquatic plant beds than other habitats within the river.”:
Strayer, D.L. (2007). Submersed vegetation as habitat for invertebrates in the Hudson River
estuary. Estuaries and Coasts: JERF 30, 253–264.
60. “Much like many aspects of the world, the Hudson and ecosystems like it (and unlike it for
that matter) can be seen as a series of systems, in which one or more inputs effect the output.”:
Meadows, DH. (2008). Thinking in Systems. Chelsea Green Publishing.
60. “ One type of shore is not greater than any other; for instance sandy shores allow smaller fish
to thrive while rockier areas can support larger fish…”:
Strayer, D.L., Findlay, S.E.G., Miller, D. et al. (2012). Biodiversity in Hudson River shore zones:
influence of shoreline type and physical structure. Aquat Sci 74, 597–610.
60. “The loss of biodiversity leads to the loss of many ecosystem services...”:
Keesing, F., Belden, L., Daszak, P. et al. (2010). Impacts of biodiversity on the emergence and
transmission of infectious diseases. Nature 468, 647–652.
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Chapter 5: Snow in the Hudson
66. “In truth, it has been estimated that 40% of all North American freshwater snails have been
negatively affected by anthropogenic causes like climate change, land use, and decreasing water
quality.”:
Lynse, S., Perez, K., Brown, K., Minton, R., & Sides, J. (2008). A review of freshwater
gastropod conservation: challenges and opportunities. Society for Freshwater Science.
66. “ In the Hudson river specifically, surveys since the mid 1800s have seen the loss of certain
species and the introduction of others.”:
Coote, TW., & Strayer, D. (2009). Gastropods of the Hudson River Shoreline: Subtidal,
Intertidal, and Upland Communities. Hudson River Foundation.
67. “One study found that in marine ecosystems, when communities were well informed on the
area looking to be protected, it created social as well as economic incentives for the community
to care about and protect the ecosystem on their own.”:
Dygico, M., Songco, A., White, AT., & Green, SJ. (2013). Achieving MPA effectiveness through
application of responsive governance incentives in the Tubbataha reefs. Marine Policy
41:87–94
67. “ Future environmental policy should be designed to be changed over multiple times,
informed by the ecological and social impacts which thy have on the environment which they
effect.”:
Grantham, H. S., Bode, M., McDonald-Madden, E., Game, E. T., Knight, A. T., & Possingham,
H. P. (2010). Effective conservation planning requires learning and adaptation. Frontiers
in Ecology and the Environment, 8(8), 431–437.
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